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ABSTRACT 
 
Purpose: Chiropractic plays an integral role in the conservative treatment and 
management of neuro-musculoskeletal conditions that cause pain. Clinically, the benefit 
of spinal manipulative therapy (SMT) for pain relief related to neuro-musculoskeletal 
causes is apparent, yet the underlying mechanisms responsible are still not clearly 
understood. A paucity of clinical research defining the neurophysiological effects of SMT 
leaves room for investigation. Several studies using experimentally induced pain have 
proposed that there are central and peripheral nervous system aspects involved in 
afferent input and modulation of pain (Bialosky et al., 2012; Brea-Rivero et al., 2018; 
Dorron et al., 2016). Therefore, this study assessed the potential role of SMT on the 
mechanisms of the nervous system that mediate pain. As the responses to mechanical 
stimuli were examined, both locally and remotely using pinprick sensitivity and pressure 
pain threshold with spinal manipulation applied, central modulation could be assessed. 
 
Aim: The aim of this study was to analyse the effects of cervical SMT on experimental 
mechanical pain, locally and remotely, in asymptomatic individuals. Mechanical pain was 
tested using an algometer for pressure pain threshold (PPT) and a Neuropen for pinprick 
sensitivity (PPS), before and after left- or right-sided cervical chiropractic manipulation 
was applied. 
 
Method: This was a single blinded, randomised study. One-hundred participants were 
included and divided into two even groups; group A (control group) and group B 
(intervention group). All participants were assessed for inclusion and exclusion criteria 
and subsequently readings were taken over time. Both groups had multiple readings 
taken using  PPS and PPT devices at four locations. Group B had intervention (cervical 
spinal manipulation) applied after the first readings were taken. Data was thus recorded 
and analysed.  
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Procedure: One hundred, randomly recruited, pain-free individuals participated in this 
study which took place at the University of Johannesburg (UJ), Chiropractic Day Clinic.  
The study required a once-off consultation in which each participant was informed and 
written consent collected followed by an assessment. Device recordings  were 
subsequently taken. Two types of experimental stimuli, PPS and PPT, were tested for 
local and remote responses to changes in stimulus sensitivity. Pain threshold and 
sensitivity were measured at two points remotely on the bilateral medial calf and two 
points locally on the bilateral paraspinal muscles at the relative cervical spine level. This 
was carried out at three time intervals of 0-minutes (pre-intervention), 2-minutes 
(immediate post-intervention) and 10-minutes (post-intervention).  
 
Results: Cervical spine manipulation reduced deep pressure sensitivity significantly for 
the intervention group with local and remote effects noted over the ten minute time 
interval. It was also noted that cervical spine manipulation reduced pain sensitivity for 
superficial pinprick stimuli, with notable changes for the intervention group, both locally 
and remotely, over the ten minute time interval. 
 
Conclusion: Statistical and clinical changes were noted for pressure pain threshold and 
pinprick sensitivity for the intervention group who received spinal manipulation. These 
differences were noted at local and remote regions tested by the algometer and 
Neuropen. These findings suggest that cervical spine manipulation may have an effect 
on the central nervous system and pain modulation. 
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  CHAPTER ONE  
 
INTRODUCTION 
 
1.1 Problem Statement 
 
Chiropractic plays an integral role in the conservative treatment and management of 
neuro-musculoskeletal conditions that cause pain. Chiropractors and osteopaths are the 
principal two health care professionals specialised in this form of manual therapy as an 
intervention in the course of treatment for patients suffering from pain associated with the 
spine (Hurwitz, 2012). The worldwide prevalence of neck pain is on the incline (Fejer et 
al., 2006) and the demand for cost-effective, non-invasive treatments is increasing, 
especially in South Africa, where more than 82 in 100 people are dependent on public 
health services and government financial support (Hurwitz, Côté, Haldeman, Randhawa 
& Yu, 2018; Stats SA, 2017).  
 
Clinical evidence of spinal manipulative therapy (SMT) for pain relief related to neuro-
musculoskeletal causes is apparent, yet the mechanisms responsible are still not clearly 
understood. Given the paucity of evidence-based clinical research determining the direct 
neurophysiological effects of chiropractic manipulation, further investigation is warranted 
(Pickar, 2002). Some researchers propose that spinal dysfunction may be linked to 
altered afferent input to the central nervous system (Haavik-Taylor and Murphy, 2010). 
Several theories have suggested both central and peripheral mechanisms are involved 
in spinal manipulation. These  studies used varying types of stimuli and suggested that 
SMT has potential effects at multiple levels of the nervous system thus relieving pain 
(Amorim, Budgell, Leboeuf-Yde, Millan, 2012; Brea-Rivero, Fernández-de-las-Peñas, 
Miangolarra-Page, Pérez-de-Heredia, 2018). Pressure pain threshold has been 
extensively tested for changes following chiropractic manipulation. However, pinprick 
sensitivity, has not. Clinical research on this form of experimental mechanical pain can 
provide much needed insight on the neurological impact of SMT adding to its clinical 
significance as a conservative treatment method moving forward (Amorim et al., 2012; 
Dorron, Drummond, Losco & Walker, 2016; Gagey, Honore & Leboeuf-Yde, 2018).   
  2 
Spinal manipulative therapy is a manual therapy applied to restricted joints to improve 
biomechanical function and elicit a neurological effect (Bialosky, Bishop & George, 2018; 
Brea-Rivero et al., 2018). This neurological effect is localised but may also have an effect 
remotely, indicating central nervous system involvement, therefore, in turn, altering 
remote mechanical pain responses (Dafny, 2018; Steeds, 2016). 
 
1.2 Aim of the Study 
 
The aim of this study was to determine the effects of cervical SMT on experimental 
mechanical pain, locally and remotely, in non-symptomatic individuals. Mechanical pain 
was tested bilaterally at local and remotes sites, using pressure pain threshold (PPT) and 
pinprick sensitivity (PPS), before and after left- or right-sided chiropractic manipulation 
was applied. 
 
1.3 Benefits of the Study 
 
It is possible that spinal manipulative therapy applied to the lower cervical spine 
influences pain sensitivity, with local and remote effects (Dorren et al., 2016). Neck 
related problems are a common complaint giving persons reason to seek Chiropractic 
care (Fejer et al., 2006). This research will therefore assist in determining the neurological 
effects of Chiropractic manipulative therapy targeted at the cervical spine in the presence 
of two different forms of painful mechanical stimuli. It may highlight underlying 
mechanisms involved in SMT and its role in facilitating nervous system physiology. As 
the effects of the intervention were assessed locally and remotely, this study may 
contribute to a better understanding of the neurophysiological impact of SMT on PPT and 
PPS.  
 
Furthermore, this study may contribute to research regarding the application and 
significance of spinal manipulative therapy in clinical settings by assessing the central 
nervous system and pain modulatory responses throughout the body which could  
possibly benefit patient outcomes. 
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CHAPTER TWO  
 
LITERATURE REVIEW 
 
2.1 Introduction 
 
It has been proposed that chiropractic manipulation affects the nervous system on 
multiple levels influencing pain modulation and perception (Amorim et al., 2018; Dorron 
et al., 2016; Gagey et al., 2018; Pickar, 2002). Dorron et al. (2016) suggested that a 
hypoalgesic effect occurred following SMT of the lumbar spine. By testing PPT and PPS 
Dorron et al. (2016) assessed the involvement of the central nervous system and potential 
mechanisms affected by SMT. Further clinical evidence is needed to fully understand 
these findings and those of other researchers (Amorim et al., 2012; Brea-Rivero et al., 
2007; Gagey et al., 2018; Bialosky et al., 2008; Bialosky et al., 2012).  
 
The following chapter is a comprehensive literature review to assist in understanding the 
basic anatomy and physiology of the cervical spine as well as the anatomy and physiology 
of relevant nervous system aspects. This literature review also serves to further the 
understanding of chiropractic spinal manipulative therapy and its researched effects on 
various experimental pain, with a focus on pressure pain threshold and pinprick 
sensitivity.  
 
2.2 Cervical spine anatomy 
 
The cervical spine is the most superior aspect of the vertebral column and is made up of 
seven contiguous vertebrae. The cervical vertebrae are the smallest in the spinal column 
and extend from the occipital bone at the base of the skull to the thorax (Martini and Nath, 
2009).  
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The cervical spine can be divided into two regions based on morphology and function. 
These are the upper cervical spine (craniovertebral region) and the lower cervical spine 
made up of vertebrae C3-C7 (Levangie & Norkin, 2005).  
 
The cervical spine can further be categorised into two types of cervical vertebrae, typical 
and atypical, dependant on their anatomical characteristics (Agur et al., 2010). The first 
and second vertebrae, as well as the seventh, are classified as atypical vertebrae with 
the remaining four being considered typical (Martini and Nath, 2009). In some literature, 
such as Moore and Nath (2009), C7 is categorised as typical vertebrae, but for the 
purpose of this study, and in line with recent literature reviews by Bartholomew et al. 
(2018) and Futterman and Waxenbaum (2018), it will be considered as atypical cervical 
vertebrae due to its distinct, unique characteristics. The emphasis of this study will be on 
the lower cervical spine region. 
 
2.2.1 Typical cervical vertebrae 
 
The typical cervical vertebrae are made up of levels C3-C6. The anatomy of cervical 
vertebrae promotes congruency at each joint to achieve optimal movement of the head 
and neck while ensuring protection of neural tissues in the region (Martini and Nath, 
2009).  
 
 
 
Figure 2.1: Superior and lateral view of a typical cervical vertebra 
(Karan, 2015; Wesker, 2014).  
  5 
Typical cervical vertebrae have common structural characteristics as illustrated in figure 
2.1  (Martini and Nath, 2009; Futterman and Waxenbaum, 2018):  
• A small, oval shaped vertebral body, with a greater diameter than height 
• The flattened vertebral body is more concave superiorly, with a slight continuation 
of lateral most aspects, this forming the uncinate process 
• Inferiorly, the vertebral body is more convex 
• Each vertebra has two transverse processes that have transverse foramen which 
allows passage for the vertebral artery and vein, bilaterally 
• The posterior vertebral arch encloses to form the wide, triangular shaped vertebral 
foramen which accommodates the neural tissues 
• All typical vertebrae have four articular processes, the superior articular surfaces 
(facets) are in a superior and posterior direction and the inferior two facets are 
directed inferiorly and anteriorly 
• The short spinous processes are often bifid which allows for a greater area for 
muscle attachment.  
 
2.2.2 Atypical cervical vertebrae 
 
There are three atypical cervical vertebrae, each with individual anatomical structures 
associated with functional demand and movement (Levangie & Norkin, 2005).  
 
The first cervical vertebra, illustrated in figure 2.2, is commonly known as the atlas (C1). 
It is a ring-like osseous structure responsible mostly for rotation movements of the head 
in relation to the neck (Futterman and Waxenbaum, 2018). In the absence of a vertebral 
body, two lateral masses take up the role of supporting the axial load of the head. The 
lateral masses are connected anteriorly and posteriorly by respective arches to form the 
circular shape (Martini and Nath, 2009). 
 
Superiorly, the lateral masses are slightly concave articulating with the congruent convex 
surfaces of the occipital condyles of the skull (Martini and Nath, 2009; Futterman and 
Waxenbaum, 2018).  
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It is important to note that the transverse ligament of the atlas, attaching to the inner 
portion of the lateral masses, reinforces the odontoid process of C2. This is to maintain 
joint integrity during rotation and other more complex coupled movements of the skull and 
cervical osseo-ligamentous structures (Martini and Nath, 2009).  
 
 
 
 
 
 
 
 
The second cervical vertebra, illustrated in figure 2.3, is also known as the axis (C2). The 
axis has a peg-like, cylindrical portion, known as the dens or odontoid process, extending 
superiorly from the anterior portion of the vertebral body. The dens anteriorly convex 
articulates with the posterior surface of the anterior arch of the atlas. It is held in place by 
the transverse ligament of the atlas, stabilising and ensuring joint congruency during neck 
ranges of motion (Futterman and Waxenbaum, 2018; Martini and Nath, 2009).  
 
The inferior articular facets of the C1 lateral masses, are concave in shape and articulate 
with the superior facets of the axis, which are flattened and convex in shape with superior 
and slightly lateral orientation (Agur et al., 2010). 
Figure 2.2: Superior and lateral view of C1 vertebra (atlas)  
(Karan, 2015; Wesker, 2014).  
  7 
Figure 2.3: Illustration of C2 vertebra (axis), from superior and lateral views (Wesker, 
2014)  
 
Atypical vertebrae C7, also known as vertebrae prominens, has a groove on the lamina 
instead of a transverse foramen for the vessels to pass over. The vertebral body is 
relatively larger than the upper vertebral levels and the spinous process is more 
elongated, non-bifid and oriented inferiorly. The C7 vertebra is named vertebrae 
prominens based on its elongated and enlarged spinous process (Agur et al., 2010). The 
enlarged spinous process allows for attachment of crucial ligaments and muscles of the 
neck (Martini and Nath, 2009).   
 
The nuchal ligament attaches to this site (Martini and Nath, 2009; Agur et al., 2010) and  
traverses all cervical vertebrae attaching to the tips of the spinous processes and the 
occipital ridge of the skull. This ligament functions to uphold the position of the head and 
maintain the postural cervical curvature with little, to no, muscular effort (Martini and Nath, 
2009).  
 
2.3 Lower cervical spine joints and neurology 
 
2.3.1 Uncovertebral joints  
 
The uncovertebral joints, also known as the joint of Luschka, are found at the 
posterolateral border of the intervertebral disc between C3-C7 cervical vertebrae.  
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A synovial joint or cleft with cartilage covering the articulating surfaces is formed between 
the uncinate process of the inferior vertebrae and the bevelled surface of the superior 
vertebra (Agur et al., 2010). Lateral flexion is co-ordinated with coupled motions 
consisting of lateral flexion, rotation and extension with complex coupled movements of 
this joint to accommodate the action (Tanaka, 2003). The joints of Luschka are said to 
limit posterior translation and lateral flexion whilst guide flexion and extension (Tanaka, 
2003). The uncinate process is prone to degeneration with osteophyte formation and due 
to the proximity to neural tissues passing through the vertebral foramen, neurological 
symptoms can occur as a result (Tanaka, 2003). 
 
2.3.2 Zygapophyseal joints 
 
The zygapophyseal (facet) joints of the spine are paired diarthrodial joints on the 
posterolateral aspect of each motion segment of the spinal column (Jaumard et al., 2011). 
Each joint is comprised of the articulation between two adjacent vertebral articular 
processes forming a typical synovial joint with a joint capsule and ligaments, menisci and 
cartilage, which also help stabilise the joint during movement (Agur et al., 2010; Martini 
and Nath, 2009). The joint capsule of the facet joint in the cervical spine is especially thin 
and less taught to allow for a higher degree of movement of the joint surfaces. The facet 
joint orientation determines the direction of movement of that segment.  
 
The cervical spine facet joint orientation is along a more horizontal plane and permits a 
greater degree of freedom throughout motion, compared to thoracic and lumbar regions 
(Agur et al., 2010).  
 
Innervation of the joints come from nerves arising from the medial branches of the dorsal 
rami of the spinal cord (Agur., et al 2010). The facet joint complex contains three types of 
sensory receptors located within the joint capsule. Each receptor type picks up different 
sensory information to relay to the spinal cord and higher centres (Agur et al., 2010).  
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The capsule that surrounds the facet joint is made up of connective tissue that is dense 
and fibro-elastic in nature. The two inner layers are made up of a vascular layer and a 
synovial membrane (Jaumard et al., 2011; Wyke, 1980). The joint capsule, as well as 
menisci and synovial membrane, are rich with free nerve endings and sensory receptors 
(Jaumard et al., 2011; Boyd and Topp, 2012). There are three main types of receptors 
located in facet joints; type I and type II mechanoreceptors and type IV nociceptors 
(Jaumard et al., 2011). Type I mechanoreceptors located in the joint capsule outermost 
layer are static and dynamic continuous firing mechanoreceptors.  
 
Type II mechanoreceptors found in the deeper fibrous layers, are less sensitive than type 
I and are only active with dynamic changes in tension of the joint capsule. Type IV 
receptors are pain receptors, called nociceptors.  
 
These are present throughout the joint capsule layers, the menisci, as well as the synovial 
membrane and are only active with pathological changes in the area. Activation of 
nociceptors results in pain sensation originating from the joint (Jaumard et al., 2011).  
 
2.3.3 Intervertebral discs 
 
Adjacent vertebral body articular surfaces are connected by intervertebral discs (IVD) 
shown in figure 2.4 and supporting ligaments (Agur et al., 2010; Martini and Nath, 2009).  
 
The discs provide strong and semi-rigid spinal segments that allows for motion of the 
individual segments as well as global movement of the spinal column.  
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Apart from attaching to adjacent vertebral bodies the IVD distributes forces through the 
spine and works as a shock absorber to limit potential tissue damage (Martini and Nath, 
2009). 
 
Each IVD is made up of two portions: the outermost portion, a fibrous framework of 
connective tissue called the anulus fibrosus and an innermost. The inner most portion, 
made up of a gelatinous-like substance, called the nucleus pulposus, that is more 
cartilaginous and elastic in nature than the outer portion (Agur et al., 2010). The 
intervertebral disc attaches to corresponding vertebral bodies at the vertebral endplates, 
superiorly and inferiorly (Calavia et al., 2010). The endplates supply the avascular 
aspects of the disc with nutrients (Martini and Nath, 2009). 
 
 
Figure 2.4: Diagram showing the anatomy of the intervertebral disc and associated 
disc innervation (Gharries, 2018) 
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The annulus fibrosus is made up of multiple adjacent lamellae with fibrocartilage that run 
in concentric patterns to make up the circumference of the disc. The annuli insert into 
epiphyseal rims that are smooth and rounded in nature. These are found on the articular 
surfaces of the body of the vertebrae (Agur et al., 2010).  
 
The annular fibres run obliquely crossing in opposed directions from adjacent oblique 
running lamellae. This structural design limits the degree of motion between individual 
segments but provides a strong bond at each joint while still allowing efficient global 
movements of the region (Agur et al., 2010; Martini and Nath, 2009). It has been found 
that the posterior aspect of the annulus in the cervical spine is thinner and sometimes 
incomplete. The annulus fibrosus is decreasingly vascularised towards the central fibre, 
moreover, only the outermost fibres receive sensory innervation from respective nerves 
(Agur et al., 2010).   
 
At the core, the nucleus pulposus is made up largely of water and cartilage. The semifluid 
nature of the nucleus allows for greater flexibility and increased resilience to forces placed 
on the spine (Agur et al., 2010). As the main functions of the IVD are shock absorption 
and force distribution, the nucleus acts as a fulcrum and adapts accordingly. Throughout 
the ranges of motion, both compressive and tensile forces are applied simultaneously, 
acting on the turgid malleable structure. With vertical compressive forces, the disc 
centralises and becomes broader yet when tensile forces are applied on the disc, it 
flattens and becomes thinner (Agur et al., 2010). The nucleus is avascular but receives 
nutrients via diffusion from the endplates as well as the surrounding annulus fibres 
(Martini and Nath, 2009). 
 
There is no IVD between vertebral segments C1 and C2. The first IVD is at level C2 and 
C3 with discs between all vertebral bodies below up till L5-S1 of the spinal column (Agur 
et al., 2010). 
 
The intervertebral disc is a poorly innervated structure with most of the outer layers of the 
annulus fibrosus containing nociceptive fibres and to a lesser extent, proprioceptive fibres 
(Calavia et al., 2010).  
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The posterior aspect of the disc is innervated by branches of the sinuvertebral nerve, 
branches of the ventral rami or branches of the grey rami communicantes. In addition, 
there are nerve contributions from plexuses located in the anterior and posterior 
longitudinal ligaments (Calavia et al., 2010). 
 
2.3.4 Nerve roots and dermatomal patterns 
 
Throughout the spinal column there are nerves that extend from the spinal cord outwards 
to various target organs. Each spinal segment has a pair of ventral ganglia containing cell 
bodies for motor (efferent) nerves and dorsal ganglia containing cell bodies of sensory 
(afferent) nerves. Post-ganglion nerve fibres are called spinal nerves and are mixed 
nerves that transmit information to and from the spinal cord. Each nerve root serves its 
own regions of the body and are important to  in instances such as neural tissue infections 
or trauma, so that a physician can locate the site of injury (Martini and Nath, 2009).  
 
The diagram below illustrates the dermatomal patterns of the body, with greatest 
relevance being innervation of the posterior aspect of the neck from C3-C5 branches of 
spinal roots and the region of the medial head of gastrocnemius muscle from the tibial 
nerve (nerve root S1-S2) as these are the points in which sensory testing was done for 
this study.   
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2.4 Neuroanatomy of pain  
 
The nervous system can be divided into two basic classifications, the anatomical divisions 
of the nervous system and the functional divisions of the nervous system (Martini and 
Nath, 2009).  
 
 
Figure 2.5: Dermatomal patterns – showing nerve root distribution     
(Netter, 2010) 
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The nervous system as a whole is responsible for the intake of information via the sensory 
nervous system. The peripheral sensory (afferent) nerves with involvement of cranial 
nerves (special sensory nerves) transmit information to the central nervous system as 
well as the output of information from the central nervous system, namely the motor 
(efferent) nerves that control the body (Martini and Nath, 2009). All this information that 
is either sent to or received from the central nervous system, is imperative for optimal 
functioning of all conscious and subconscious functions of the human body (Martini and 
Nath, 2009; Missankov, 2011).  
 
The basic cell units of the nervous system are made up of neurons. In the case of the 
peripheral nervous system the communication of neurons and the transmission of 
electrochemical signals is done through long extensions of neural cells called axons.  
Axons are bundled together forming fibres with multiple collections of fibres forming a 
nerve. These span the entire body to all effector organs and tissue and are classified 
according to the neuron type they are made up of and the direction of flow of information 
along the nerve – towards the central nervous system or away from it (Agur et al., 2010; 
Bartholomew et al., 2018; Donato, 2018).  
 
For the purpose of this study, sensory aspects of the nervous system and the associated 
pain processing is of greater relevance and therefore focused on in this literature review. 
 
2.4.1 Somatosensory system 
 
The sensory nervous system is made up of several components, each transmitting 
various forms of information to the central nervous system to be encoded. The sensory 
nervous system can be subdivided into two functional systems: autonomic and 
somatosensory systems (Agur et al., 2010). It is made up of specialised sensory neurons 
and receptors, neural pathways and relative sensory cortices (Martini and Nath, 2009).  
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2.4.2 Sensory receptors and neurons  
 
Sensory receptors and neurons transmit information about internal and external 
conditions of the body to the central nervous system (Martini and Nath, 2009).  General 
sensory receptors throughout the body convey pain, pressure, temperature, 
proprioception and vibration, only some of which reach the primary sensory cortex and 
conscious awareness (Martini and Nath, 2009).  
 
Receptor specificity may result from the structure of receptor cells or the presence of 
accessory cells that may limit receptor exposure to stimuli (i.e. special sensory receptors). 
Receptor detection of stimuli results in a receptor potential being generated within the 
sensory neuron as an electrochemical current. The amount of stimulation of the receptor 
cell determines the intensity at which receptor potential is created. Any receptor potential 
generated that depolarises the plasma membrane, brings the receptor closer to threshold. 
Depolarisation occurs if the receptor membrane threshold is reached. When the graded 
receptor potential is strong enough, the plasma membrane threshold is reached, causing 
depolarisation of the receptor terminal and creating an action potential within the neuron. 
The signals are sent along the axon of the sensory neuron to the central nervous system 
for integration (Martini and Nath, 2009; Whittier, 2019).  
 
General sensory receptors can be divided into four types dependant on cause of 
excitability (stimulus in which a receptor is activated). Mechanoreceptors are sensitive to 
mechanical distortion of the plasma membrane; chemoreceptors, sensitive to changes in 
chemical concentrations; thermoreceptors, to changes in temperature and nociceptors, 
to various stimuli causing pain (Martini and Nath, 2009).   
 
Pain receptors and pain processing are of greatest importance for this research study. 
Nociceptors are pain receptors found extensively in the skin, joint capsules, bone 
periosteum and vessel walls (Martini and Nath, 2009).  
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Nociceptive axons terminate in unspecialised, unencapsulated free nerve endings with 
large receptive fields and varied localisation (Whittier, 2019). In the circumstance of 
potential injury, awareness of the harmful stimuli in order to initiate a reflexive response 
to eliminate it, is of greater importance than accuracy of localisation (Martini and Nath, 
2009). 
 
The nerve fibres that transmit signals to the central nervous system (CNS) have various 
anatomical characteristics that determine the rate and velocity at which the signal is sent 
along the axon. These can be divided according to their morphological and anatomical 
structures (Augustine et al., 2001; Donato, 2018). 
 
Mechanoreceptors transmit sensations from innocuous stimuli such as vibration, touch, 
joint position and joint motion. Mechanoreceptors have large diameter, densely 
myelinated axons, these characteristics contributing to rapid transmission of action 
potentials (Augustine et al., 2001). These receptors can be divided into two main 
subtypes: A-alpha fibres or type I mechanoreceptors and A-beta fibres or type II 
mechanoreceptors (Gatterman, 2005). A-alpha fibres are found in muscle spindles and 
golgi tendon organs and are heavily myelinated, large fibres with a diameter of 13-20mm, 
and have the fastest conduction velocity of afferent neurons (80-120m/second). A-beta 
fibres are further differentiated into fast and slow adapting fibres and transmit information 
from corpuscular mechanoreceptors such as Ruffini endings, Meissner’s corpuscles and 
Lamellar corpuscles, which are located in the dermis of the skin, joints, muscle spindles, 
periosteum and periodontium (Boyd and Topp, 2012; Gatterman, 2005). These are less 
densely myelinated, large fibres with a diameter of 6-12mm, with a slower conduction 
velocity of 35-75m/second, but more rapid than nociceptive fibres (Boyd and Topp, 2012).  
 
Nociceptive fibres can be categorised into two main types; faster A-delta nociceptive 
fibres (group III) and slower C nociceptive fibres (group IV).  
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A-delta fibres found within the skin, joint capsules and muscles, transmit sharp, prickling 
pain sensations. They are finely myelinated with a diameter of 2-5mm and have a 
conduction velocity of 5-30m/second transmitting information from mechanical and 
thermal stimuli (Boyd and Topp, 2012).  
 
C nociceptive fibres are found in 70% of tissues and are the most numerous nociceptors 
in the body. These small fibres are unmyelinated with a diameter of 2mm and a 
conduction velocity of 0.5-2m/second. They are considered polymodal as they transmit 
information from mechanical, thermal and chemical stimuli (Augustine et al., 2001; Boyd 
and Topp, 2012; Martini and Nath, 2009).  
 
Nociception, like all sensory neurons, involves excitation of receptor terminals with 
stimuli, creating an action potential. Transmission of this information occurs along axons 
to the dorsal horn. Information is either inhibited locally within the dorsal horn or ascends 
in the antero-lateral spinothalamic tract of the spinal column (Bausbaum et al., 2010).  
 
2.4.3 Pain pathway – antero-lateral spinothalamic pathway 
 
Central sensory pathways within the spinal cord carry all information from afferent 
neurons and second order neurons ascending to the higher centres. Each receptor type 
ascends in specific pathways depending on the information that is getting relayed 
(Augustine et al., 2001; Boyd and Topp, 2012).  
 
As with several other sensory neurons, the nociceptive fibres enter the dorsal root ganglia 
and dorsal horn of the spinal cord at the level of nerve root in which the signal is received. 
Pain signals travel with other sensory information along the spinothalamic tracts, such as 
crude touch, temperature and pressure (Martini and Nath, 2009).  
 
Before entering the dorsal horn, small branches ascend and descend to adjacent 
vertebral segments forming the dorsolateral tract of Lissauer (Augustine et al., 2001; 
Whittier, 2019).  
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Pain and temperature signals carried along axons to the spinal cord are the only two 
found in the most lateral division of the dorsal root carried in the antero-lateral tract. The 
spinal cord grey matter contains multiple cell bodies and unmyelinated axons connecting 
peripheral nerves to the central nervous system. The spinal cord is divided into ventral, 
lateral and dorsal horns, each division housing multiple interconnected laminae.  
 
The lamina are the sites at which primary afferent nerves project to synapse with their 
respective second-order neurons before ascending in either the spinothalamic, 
spinocerebellar or dorsal column medial lemniscal pathways (Martini and Nath, 2009). 
Lamina I receives presynaptic fibres from both A-delta and C nociceptors and contains 
neurons that project and transmit information to the thalamus to convey to the cingulate 
and somatosensory cortices (Dubin et al., 2010; Krebs et al., 2011). 
 
A-beta mechanoreceptor fibres (responsible for light touch, pressure, vibration and 
movement) synapse in lamina II  and furthermore, have collateral branches to lamina III-
V of the dorsal horn. A-delta and C nociceptive fibres synapse in lamina I, II and V of the 
dorsal horn. At this level of the spinal cord, the complex nerve interactions are influenced 
by excitatory and inhibitory interneurons, located in lamina V and VI, as well as in the 
descending inhibitory pathway (Gatterman, 2005; Steeds, 2016).  
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As illustrated in figure 2.6, the pain pathway begins at the peripheral receptor cell and the 
axon enters the dorsal horn where the primary neuron synapses with the second-order 
neuron in lamina I and II.  
 
Figure 2.6: Anterolateral spinothalamic (pain) pathway 
(Memorang, 2019) 
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The second-order neuron decussates (crosses the midline) within the spinal cord before 
ascending in the antero-lateral spinothalamic tract (Agur et al., 2010; Martini and Nath, 
2009). The second-order neuron reaches the midbrain and synapses on the third-order 
neuron where information is then sent to the limbic system to be processed and organised 
and pain is experienced (Martini and Nath, 2009).  
 
2.5 Pain processing 
 
It is important to differentiate between pain and nociception. Pain is defined as an 
unpleasant sensory experience that is perceived by an individual (IASP, 2018). This 
perceived sensation of pain may be disproportionate to the stimuli being present (Amorim 
et al., 2012). Furthermore, the perceived experience may not equate to the severity of 
injury, with pain sensation being greater, less or absent in relation to the tissue trauma 
(Martini and Nath, 2009). Or for instance, the perceived location may not correlate to the 
actual site damaged, such as referred pain (Augustine et al., 2001).  
 
Nociception is the process in which electrical signals are transmitted through the body by 
the peripheral and central nervous systems. The electrical signals are generated in the 
presence of harmful stimuli but may occur without higher centre involvement or 
awareness (Keil et al., 2016).  
 
2.6 Pain perception 
 
Pain perception is an intricate phenomenon that can be triggered by varying inputs and 
factors (Amorim et al., 2012; Gagey et al., 2018). Mechanisms control pain signals in the 
presence of noxious stimuli; this will be discussed further in 2.7 under pain modulation. 
Perception is subjective and often disproportionate to the severity of injury or even in the 
absence of stimuli (Garland, 2012). Pain perception is linked to an individual learned 
behaviour, emotional association or psychological factors based on previous exposure 
(Amorim et al., 2012).  
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In general, pain perception can be separated into two categories based on their 
characteristics: first pain and second pain. First pain carried by myelinated A-delta fibres 
in the presence of mechanical or thermal stimuli, is described as sharp, prickling, rapid 
and relatively well localised.  
 
The unmyelinated C fibres have a slower conduction, with a more delayed response to 
polymodal excitation from stimuli, is longer lasting and is described as dull and achy in 
nature (Augustine et al., 2001; Steeds, 2016). 
 
Central and peripheral sensitisation also plays a role in pain processing and perception 
(Gagey et al., 2018). Peripheral sensitisation is the abnormal activation of peripheral 
nerve fibres with neurochemical changes that alter sensitivity to external stimulus. 
Physical, chemical and metabolic factors stimulate ectopic firing of peripheral nerves. 
These neurochemical changes affect the A-delta and C nociceptive fibres, increasing 
sensitivity to stimuli (including non-noxious stimuli) or lowering activation threshold for 
action potential generation, resulting in peripheral sensitisation and pain (Garland, 2012).  
 
Central sensitisation, termed “wind up,” is a central nervous system response caused by 
continuous or repetitive activation of C fibres within the dorsal horn, specifically wide 
dynamic receptors found in lamina V and VI. In the case of high frequency stimulation of 
both A and C fibres (in lamina I and II), hyperalgesia and central sensitisation may result, 
with electrophysiological effects remaining after the removal of stimuli. Secondary 
hyperalgesia is a term used to explain the “overflow” of pain sensation. Healthy tissues 
adjacent to damaged tissues may become painful or sensitised to stimuli even though no 
injury to this tissue has occurred.  Drummond and Vo (2013)  suggest that this 
phenomenon is caused by increased receptive fields, excitable nerve endings or reduced 
threshold of the adjacent neurons caused by rewiring within the spinal cord at the 
substantia gelatinosa (lamina II) in response to injury.  
 
This rewiring may also explain allodynia, the chronic stimulation causing abnormal 
interactions within the spinal cord, with resultant non-noxious stimuli being perceived as 
painful (Steeds, 2016). 
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Pain perception is measured qualitatively using pain-scales to record data. Clinically, it is 
crucial to record subjective data during research studies, as an individual’s experience of 
pain is largely influenced by unquantifiable factors (Gagey et al., 2012).  
 
2.7 Pain modulation 
 
Pain modulation is a complex system that occurs within the body at various levels of the 
nervous system (Augustine et al., 2001). As stated by Amorim et al. (2012), the 
experience of pain is neither direct nor linear, but rather dependant on the heterogeneity 
and intensity of the stimulus with modulation of pain done by a circuit of permutated 
mechanisms (Augustine et al., 2001; Garland, 2012).  
 
The neural impulses at the level of the dorsal horn and higher centres work to inhibit and 
facilitate the transmission of pain signals (Steeds, 2016). 
 
Nociception involves three main phases: transduction, transmission and perception with 
modulatory mechanisms playing a role at various aspects, which will be explained. 
i) Transduction: external noxious stimulus excites receptor terminals in the skin 
eliciting a local reaction. Terminals contain voltage-gated ion channels and 
proteins that convert external stimuli into an action potential thus depolarising 
the membrane (Dubin et al., 2010). This phase of nociception is largely 
influenced by the release of substances locally, such as glutamate, substance 
P and bradykinins, thus influencing the excitability of nociceptors (Heinricher et 
al., 2009);  
ii) Transmission: converted electrical signals are conducted along axons to the 
dorsal horn of the spinal cord and carried along second-order projection 
neurons in spinal tracts to the third order thalamo-cortical projection neurons 
(Gatterman, 2005);  
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iii) Perception: in the thalamus and midbrain, the centres that control awareness 
of pain, distribute information to the cerebral cortex and limbic systems where 
signals are encoded and integrated. As a result, the cerebral cortex, where pain 
is experienced, formulates physical and emotional responses from the limbic, 
motor and autonomic systems (Basbaum et al., 2010, Martini and Nath, 2009; 
Steeds, 2016). 
 
The purpose of modulatory mechanisms is to mediate nociceptive signals that reach 
awareness and fluctuate between individuals as well as intra-individually. It is at the level 
of the spinal cord, the ascending and descending spinal tracts and higher centres of the 
midbrain that these mechanisms take place. Diverse, intricate interactions occur at pre 
and post-synaptic stages, with contribution from higher centres that modulate and 
suppress pain signals received from peripheral nerve fibres (Steeds, 2016). As most of 
the signals are processed within the sensory pathways or in the brainstem, roughly one 
percent of all nociceptive information from afferent nerves reaches the cerebral cortex 
and our awareness (Martini and Nath, 2009).  
 
The modulation of these pain signals by the nervous system may result in an inactive 
cerebral phase of nociception due to these local mechanisms prohibiting the signals from 
being transferred (Basbaum et al., 2010).  
 
2.7.1 Pain gate theory 
 
Pain-gate was first proposed by Melzack and Wall (1965) and suggests that systems 
modulate afferent pain signals at the dorsal horn with input from higher centres controlling 
inhibition and excitation of neurons “gating” the pain signals.  
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The stimulation of large, A-beta mechanoreceptors (innocuous sensory afferents) 
synapsing at the same level within the spinal cord can “close the gate,” blocking the 
transmission of the small A-delta and C nociceptive fibres. A-beta receptor activity inhibits 
the action potential of the nociceptor preventing excitation of the receptor terminal within 
the dorsal horn (Davis and Moayedi, 2013). Mechanoreceptors also decrease or inhibit 
the sympathetic outflow that nociceptors induce (Gatterman, 2005). In the absence of A-
beta fibre activity, the gate is “open,” allowing nociceptive information to ascend in the 
spinal tract to the midbrain and thalamus (Dafny, 2018; Steeds, 2016). 
 
2.7.2 Descending inhibitory pathway 
 
At the level of the spinal cord, excitatory and inhibitory interneurons modulate sensory 
information that is transmitted to and from higher centres. The descending inhibitory 
pathway projects through the periaqueductal grey matter and rostral ventromedial 
medulla of the midbrain. Excitability of dorsal horn neurons are regulated by two main 
transmitters, namely glycine and gamma aminobutyric acid (GABA) (Davis and Moayedi, 
2013).    
 
Ultimately glutamate and substance P release are inhibited, therefore nociceptor 
excitation and expression are prevented. Furthermore, the inability of sensory information 
to be transmitted from nociceptors to second order neurons due to modulatory 
mechanisms at a presynaptic level, are often associated with A-beta mechanoreceptor 
activity (Bardoni et al., 2013).  
 
2.7.3 Endogenous analgesia 
 
Within the midbrain, the periaqueductal grey matter and the nucleus raphe magnus play 
integral roles in pain modulation.  
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These centres of the midbrain are responsible for initiating endogenous opioid and 
cannabinoid activity, both within the midbrain and spinal cord levels. They mediate the 
neurochemistry controlling the descending pain pathway that influences pain inhibition 
and pain signal suppression underpinning the descending pain inhibitory pathway 
(Steeds, 2016). 
 
2.8 Experimental pain  
 
Experimental pain has been a widely studied component of human and animal research 
studies. In order to comprehend the intricate neurophysiology of the body and ultimately 
advance the medical field, researchers must decode the nervous system and all relevant 
responses to varying forms of painful stimuli.  
 
The experimental pain stimuli that were imperative for this research study were pinprick 
sensitivity and pressure pain threshold. 
 
2.8.1 Pressure pain threshold 
 
PPT, testing deep mechanical pain sensitivity, is measured using a pressure algometer. 
A 1 cm² probe is applied to the skin, thus stimulating A-delta and C afferent nociceptive 
fibres at the site being tested (Dorron et al., 2016).  
 
A study done by Kinser et al. (2009) contributed to evidence proving the algometer as a 
valid and reliable measuring tool to assess PPT. Dorron et al. (2016) studied the effects 
of lumbar spinal manipulation on PPT readings at various points across the dermatomal 
spectrum. His results reflected an overall increase in PPT, locally and remotely. 
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2.8.2 Pinprick sensitivity 
 
Pinprick sensitivity testing, done by the Owen Mumford Neuropen and Neurotip, 
reproduces a sharp sensation by applying the stimuli to the skin surface. This activates 
the superficial A-delta nociceptors responsible for mediating and transmitting this noxious 
input (Arendt-Nielson et al., 2000; Itoh et al., 2005). This device has not been widely used, 
especially with regards to research studies done on manual therapies (Dorron et al., 
2016). It is utilised largely for neurological examination to assess or monitor nerve 
function and has been validated as a quantifiable sensory threshold device. It is also 
frequently used for nerve screening for conditions such as diabetes mellitus (Abbott et 
al., 2002). The device is applied directly perpendicular to the skin surface and exerts a 
repeatable force of 40 grams by a researcher; no injury is caused by the device (Dorron 
et al., 2016). It elicits a self-reported sharp sensation that is recorded on a numerical 
sharpness scale (refer to Appendix I).  
 
Dorron et al. (2016) validated the Neurotip as a reliable tool to assess PPS with its use in 
the research study designed to assess the effect of lumbar SMT on PPS using the 
Neurotip to stimulate superficial nociceptive fibres.  
 
2.9 Impact of clinical pain 
 
Musculoskeletal (MSK) conditions are responsible for the largest percentages of 
persistent pain reported globally (Åkesson et al., 2018). Pain associated with the MSK 
system is increasing yearly, with large emphasis on spinal related pain, specifically linked 
to the neck (Fejer et al., 2006).  
 
Cost-effective, non-invasive treatments are needed to improve standards of living 
(Åkesson et al., 2018). In South Africa, more than 82 of 100 people are dependent on 
public sector health services (Stats SA, 2017).  
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Most complaints can be improved by conservative approaches, thereby decreasing 
financial burden and increasing overall individual and population productivity (Åkesson et 
al., 2018). The World Health Organisation (WHO) stated that the 2016 Global Burden of 
Disease (GBD) statistics identified affliction percentages related to the health of the MSK 
system. Disability of adjusted life years (DALYs) related to these conditions grew 
exponentially between 1990 and 2016 by 61.6% with spinal pain being the leading cause 
of disability (Åkesson et al., 2018).  
 
2.10 Chiropractic spinal manipulation 
 
Chiropractic spinal manipulation is defined as an event in which a qualified chiropractor 
delivers a controlled, low-amplitude, quick thrust, creating movement between two 
osseous structures. Contiguous joint surfaces are displaced beyond the normal range of 
the joint, before the range where injury is caused. This causes a physiological response 
in associated tissues resulting in pain relief (NIH, 2012). 
 
2.10.1 Neurophysiological mechanisms of spinal manipulation  
 
In the Journal of Pain, Bialosky et al. (2014) suggest that SMT is associated with 
vicissitudes in pain sensitivity. This is because SMT alters the afferent input of nociceptive 
fibres or central nervous system interference resulting in modulation of pain and central 
sensitisation. Several researchers propose that SMT affects all modulating systems, 
including the central nervous system (Bialosky et al., 2018).  
 
In an article published in The Spine Journal, Pickar (2002) also proposes that 
theoretically, all mechanoreceptive and nociceptive groups of fibres could be affected by 
spinal manipulation because the receptive nerve endings have a mechanical threshold 
below the amplitude of mechanical force applied during spinal manipulation, therefore 
affecting afferent input to the dorsal horn (Davis and Moayedi, 2013). The mechanical 
stimulation of A-beta fibres that is elicited by SMT application subsequently blocks pain 
transmission (Dorron et al., 2016).  
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Bialosky et al. (2018) state that an applied mechanical intervention to the spine causes 
neurophysiological changes that affect afferent input at a central nervous system level. 
The descending pain pathways and endogenous analgesic system would ultimately be 
influenced (Bialosky et al., 2008; Coronado et al., 2012; Dorron et al., 2016; Gagey et al., 
2018; Pickar, 2002; Steeds, 2016).  
 
Further clinical research needs to be done to support their findings. 
 
2.10.2 Spinal manipulation for treatment of pain 
 
Chiropractic spinal manipulation is a common treatment intervention for various pain 
related conditions (Coronado et al., 2012). As spinal manipulation alters afferent input, 
neurophysiological mechanisms are still not clearly understood, yet it has been identified 
and proven without a doubt  that mechanoreceptor activity occurs at a spinal level 
therefore small fibre nociceptive input is inhibited from reaching the higher centres (Brea-
Rivero et al., 2018; Coronado et al., 2012; Pickar, 2002).  
 
Based on previous studies conducted by the aforementioned researchers, it can be 
deduced that pain inhibition occurs at the level of the spinal cord, relieving pain. There 
may be involvement of higher centres through the descending inhibitory pain pathway, 
endogenous systems or purely local pain inhibition within the dorsal horn (Bialosky et al., 
2008; Steeds, 2016).  
 
Clinical effects of spinal manipulation have shown undeniable evidence to support the 
efficiency of chiropractic treatment for musculoskeletal disorders causing generalised, 
non-specific pain (Bialosky et al., 2018; Coronado et al., 2012). Compared to other forms 
of manual therapies such as mobilisation, exercise, or patient education, chiropractic 
treatment has higher post-treatment patient satisfaction and longer periods of pain relief 
after treatment (Amorim et al., 2012; Gagey et al., 2018).  
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Further research needs to be conducted with relevance to pain modulation mechanisms 
involved with spinal manipulative therapy. 
 
2.10.3 Spinal manipulation effects on experimental pain 
 
The more complex effects of spinal manipulation on neurophysiological functioning of the 
body, at a central nervous system level, are still not fully comprehended. Therefore, 
multiple research studies have been conducted over the years to ascertain the spinal 
manipulative effects on various painful stimuli outcomes. The data collected from clinical 
studies on experimental pain and spinal manipulation could assist in understanding the 
role of pain modulatory mechanisms, pain processing and higher centre involvement, 
ultimately contributing to more efficient patient treatments in a clinical setting.   
 
A comprehensive systemic review done by Coronado et al. (2012) summarised the 
research studies done on SMT and experimental pain. This review focused specifically 
on changes in pain sensitivity with relation to chiropractic manipulation. Coronado et al. 
(2012) concluded that assessing participant responses to spinal manipulation with 
regards to pain sensitivity is an appropriate method to deduce potential mechanisms 
involved in this form of manual therapy.  
 
The literature review shows that a wide variety of study designs have been used to test 
experimental pain. These studies vary in methodology, sensory stimuli tested, sample 
size, area intervention applied as well as the regions or points tested on each participant. 
Research studies included cervical spine intervention with multiple sites tested, local and 
remote, with varying forms of experimental mechanical sensory stimuli such as thermal, 
chemical, mechanical and electrical being of greatest relevance for this research study.  
 
Research studies pertaining to the potential neurophysiological effects of spinal 
manipulation have focused on testing pressure pain threshold changes, either 
immediately, after intervention, or over time. Outcomes of PPT testing has had varying 
results, depending on the area intervention had been applied (Dorron et al., 2016). 
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CHAPTER THREE 
  
METHODOLOGY 
 
 
3.1 Introduction 
 
This chapter explains the methodology that was used in the research study including 
participant recruitment methods, sample size and randomised group allocation. The 
instruments used, data analysis and ethical considerations are also discussed. 
 
3.2 Study design  
 
This study design was a single-blind randomised trial. 
 
3.3 Participant recruitment  
  
Participants were recruited by word of mouth, as well as through advertisements 
(Appendix A) that were placed at the University of Johannesburg’s Chiropractic Day Clinic 
and around the university’s Doornfontein campus, where the study was conducted. 
 
Participants were assessed for cervical spine motion restrictions of the lower cervical 
spine and were required to be non-symptomatic. Participants who met the inclusion and 
exclusion criteria were then considered for the research study.  
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3.4 Sample selection and size 
 
A total selection of one hundred male or female participants between the ages of 18-65 
years were recruited for the study.  
 
An information letter (Appendix B) was distributed to participants, explaining the research 
that would be done, as well as the procedure that would be conducted. Participants were 
asked to sign a consent form (Appendix C) before the study could continue. This 
confirmed that the participant understood and was fully aware of the procedures to be 
conducted during the study. 
 
Each participant was randomly allocated into one of two groups, which will be discussed 
further in 3.7. Group A, the control group, received a case history, physical examination 
and cervical spine regional, but did not receive chiropractic manipulative intervention. 
Group B received a case history, physical examination and cervical spine regional, as 
done for group A, in addition to chiropractic intervention at the relevant level and side. 
 
3.5 Inclusion criteria 
 
To be included in the study, participants recruited needed to comply with the following 
criteria: 
• Male or female; age ranges from 18 – 65 years 
• Cervical spine motion restriction of a minimum of one spinal segment between 
and inclusive of C4-C7 spinal levels, right or left sided, identified by motion 
palpation  
• Asymptomatic, pain-free, no current complaint 
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3.6 Exclusion criteria  
 
Participants were excluded from the research if any of the following were applicable:  
• Complaint of acute, subacute or chronic neck pain  
• History of trauma that may have resulted in nerve damage (i.e. 
hypoalgesia/hyperalgesia)  
• History of spinal surgery or lower limb surgery causing nerve damage 
• Contra-indications or red flags prohibiting SMT (Appendix D), where applicable to 
lower levels of the cervical spine 
• Intake of CNS depressants in past 24 hours thus suppressing neurotransmission 
(i.e. ethanol, barbiturates or benzodiazepines) 
• Neurological disease causing abnormal sensory perception such as central 
nervous system diseases (Huntington’s disease, multiple sclerosis, Parkinson’s 
disease), or peripheral nervous system diseases (peripheral neuropathies)  
• Complaint of chronic illness/pathology such as cancer and HIV 
 
3.7 Random group allocation 
 
One hundred participants were randomly divided into two groups, each group comprising 
fifty individuals. Randomisation of participants was achieved by requesting the 
participants to choose a piece of paper from a blind container. The container held one 
hundred pieces of paper, fifty yellow pieces and fifty blue pieces, of equal size and shape.  
 
Participants selected a paper from the container without being able to see inside. The 
paper selected determined the group they were allocated to.  Participants who selected 
the yellow paper were assigned to group A, the control group. Participants who selected 
the blue paper were assigned to group B, the intervention group. 
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3.8 Research approach 
 
3.8.1 Introduction 
 
The study took place at the University of Johannesburg, Doornfontein, Chiropractic Day 
Clinic. Each participant was required to participate in a single visit as part of a once-off 
trial. 
 
The consultation with each participant proceeded as follows: 
• Each participant was given an information letter pertaining to the research study 
to be conducted (Appendix B), as well as a thorough verbal explanation. They 
were instructed to read the information letter and give written consent (Appendix 
C) thereby confirming they had full knowledge of the procedure and protocols 
that would be conducted for the research study. 
• A comprehensive case history was taken (Appendix E), a full physical (Appendix 
F) conducted and a cervical spine regional (Appendix G) completed. All findings 
collected were documented and the researcher ensured that all participants met 
the necessary inclusion and exclusion criteria. 
• Motion palpation that was carried out on the lower levels of the cervical spine 
(Esposito and Philipson, 2005) on all participants determined the restricted levels 
and side, participant specific.  
• This identified the motion restriction for the intervention applied to group B 
participants.  
• Participants were marked with a non-permanent marker at four locations:  a) mid-
portion of the medial head of gastrocnemius muscle, bilaterally, and b) C4-C7 
paraspinal muscles, bilaterally, respective to the level of motion restriction. These 
locations were modified from Dorron et al.’s (2016) research study on lumbar 
spine manipulative therapy intervention effects on PPS and PPT.  
• First readings for PPS were done systematically at the four points with the 
Neurotip and Neuropen. Immediately post- PPS data was collected, PPT 
readings were taken in a synonymous order (data recorded at 0-minutes).  
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• Readings were then retaken at 2-minutes, (immediate post-intervention for group 
B), then 10-minutes (group B post-intervention), in a synonymous order as initial 
readings. PPS data was collected first at each time interval to limit tissue 
distortion (for further information refer to Appendix H). 
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Full understanding of the research and procedures with 
signing of consent by each participant. 
Analysed (n= 50) 
 All were included in analysis (n= 50) 
Excluded (n= 0) 
   All participants volunteered were 
eligible. 
 
Participants received a full assessment (n=100). The following procedures were undertaken: 
i. Full case history 
ii. Full physical assessment 
iii. Full cervical spine regional 
 
 
Analysed (n= 50) 
 All were included in analysis (n=50) 
 
All participants recruited by word of mouth or by 
advertisements, presented to the UJ Chiropractic Clinic. 
Enrolment 
Figure 3.1: CONSORT flow diagram, summarising participant involvement and 
overview of the research methodology that was implemented for this study. 
Assessed for eligibility (n= 100) 
Randomised (n= 100) 
Allocation 
Allocated to Group A – control (n= 50) 
 Did not receive intervention  
 
Allocated to Group B - intervention (n= 50) 
 Received allocated intervention (n=50) 
 
Analysis 
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3.8.2 Treatment 
 
The treatment consisted of a single visit, once-off treatment.   
 
Participants included in group B were treated with chiropractic spinal manipulation to a 
lower cervical spine segment (C4-C7) on either the left- or right-side. For the purpose of 
this study all spinal manipulations were applied while the participant was lying supine. 
The researcher utilised cervical break and rotary thumb techniques, participant 
dependant. 
 
Only segments below C3 were included and manipulated to limit possible involvement of 
trigemino-cervical nucleus. 
 
3.9 Subjective data 
 
Subjective data was obtained using the following instrument: 
 
3.9.1 Owen Mumford Neuropen and Neurotip  
 
The Owen Mumford Neuropen and Neurotip was used to measure pinprick sensitivity of 
the four locations over the time indicated. This device stimulates superficial, small, A-
delta nociceptive fibres. In a research study on the effects of lumbar spine manipulation 
on PPT and PPS, locally and remotely, Dorron et al. (2016) verified this device as a 
reliable measuring tool and that standardised testing and application was reproduceable 
thus validating the device as a quantifiable tool to test changes in sensory input to 
sharpness.  
 
The Neurotip used per participant was a single use, sterile pin that uses a standardised, 
repeatable, calibrated force, which is applied by the researcher (Mumford, 2018).  
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The use of the Neuropen with the changeable Neurotip inserted ensures that a 
quantifiable force of 40 grams can be safely applied to the skin surface at each location 
and data recorded using a sharpness scale. The Owen Mumford Neuropen is the only 
dual function neurological tester screening device. The tip was held at each location for 
2 seconds, after which the participant marked on the line the severity of sharpness they 
experienced.  
 
Data was recorded on a numerical sharp-scale (Appendix J) which was transferred to a 
spreadsheet. The sharpness scale consisted of a horizontal line with ten 1cm spaced 
markings, 0 = “not sharp” at one end and 10 = “extremely sharp” on the other. The 
researcher measured from “not sharp” to the subjects’ marks and allowed the results to 
be quantified in centimetres for data to be analysed efficiently.  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
Figure 3.3 Owen Mumford 
Neurotip Testing Pins  
(Physio Needs Ltd, 2014) 
Figure 3.2 Neuropathy 
Screening Pen 
(Medisave Ltd, 2019) 
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3.10 Objective data 
 
Objective data was obtained using the following instrument: 
 
3.10.1 Wagner pressure algometer  
 
The Wagner pressure algometer was used to measure PPT and stimulates deep, A-delta 
and C nociceptive fibres at the four locations. Data was recorded for each point on a 
spreadsheet. PPT was determined as the point of discomfort and therefore tissue 
distortion that was reached when the participant vocalised that pain/discomfort was first 
felt. This was indicated as a value on the gauge attached to the device that showed the 
number of kilograms of force applied (kgf/cm2) by the researcher to the skin with a 2cm 
diameter algometer tip at each point that was tested.  
 
The repeatability and reliability of the Wagner pressure force gauge to measure pain and 
pain threshold (Frank et al., 2012; McCarthy et al., 2006) has been proved and validated 
by numerous researchers (Kinser et al., 2009) in studies published in  medical, 
osteopathic and chiropractic associated journals over the past decade. 
 
In this research study, device application and consistency were ensured by the 
researcher to limit variable differences that may have influenced the readings. Each PPT 
set of readings was done following PPS, with identical application to point of contact. The 
order readings were taken to limit tissue distortion that the algometer head would have 
created, which may have affected the pinprick sensitivity rating.  
 
The pressure algometer in figure 3.4 proved to be a reproducible test for each participant, 
to assess deep nociceptive response to mechanical pressure, at all four sites over time 
intervals.  
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3.11 Data analysis 
 
Data analysis included descriptive statistics where inter- and intra-analysis was 
performed. Data collected for PPS and PPT was recorded at three-time intervals: 0-
minutes (reading one/pre-intervention), at 2-minutes (second reading/post-intervention) 
and 10-minutes (last reading/post-intervention). All data collected by the researcher was 
analysed with the assistance of a STATKON statistician located at the Kingsway campus 
at the University of Johannesburg.  
 
Non-parametric testing was used for inter- and intra-analysis. The normality of variables 
was checked using the Kolmogorov-Smirnov test. The Friedman test was used to 
measure possible statistically significant changes over time and depended on normality 
test outcomes. Once statistically significant changes were noted, post-hoc analysis was 
done using a Wilcoxon Signed Ranks test. The Mann-Whitney tests were performed in 
order to check statistically significant differences between the two groups. 
 
 
 
Figure 3.4: Wagner Pressure Algometer for PPT testing  
(McCarthy et al., 2006) 
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3.12 Ethical considerations 
 
Participants were given an information letter (Appendix B) and consent form (Appendix 
C) specific to this study, which were read and signed by each person involved. These 
documents contained the researcher’s name, the purpose and methodology of the study 
as well as  associated potential risks and benefits. The information and consent form 
explained that anonymity and confidentiality were of utmost importance throughout the 
research process. Documentation with patient details were kept in locked filing rooms 
which could only be accessed by qualified permanent staff who supervised the research, 
if required. The letter explained that involvement was voluntary and participants were free 
to withdraw from the trials at any stage. Researcher contact details were also provided if 
any questions arose during the research period.  
 
All possible risks and adverse reactions were clearly stated in the information letter given. 
There was a risk of post-manipulation tenderness or discomfort, but these symptoms 
would be temporary, subsiding within hours following treatment, if not immediately (Axe, 
2018).  
 
Identified benefits of this study included safe and non-invasive treatment that could  
improve mechanical function of the spine and associated soft tissues. Participants were 
informed that they could contact the researcher in cases of adverse reaction and would 
be referred if necessary, should contra-indications or red flags be identified (Appendix D). 
Participants who did not receive treatment as part of the intervention group, also had this 
option available to them immediately following the collection of data if requested. 
 
The algometer and Neuropen are non-invasive instruments that cause mild discomfort for 
a brief time but no injury or harm to the tissues at the testing site were expected or 
occurred with no risk of long-term side effects after use. 
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Participants in group A were not included in the spinal manipulative group and therefore 
did not receive treatment during the research study. Yet all involved were entitled to 
receive chiropractic care and participants from both groups were offered chiropractic 
treatment at the university Chiropractic Day Clinic at the normal reduced rate. These 
consultations were optional if the participants felt they needed other areas assessed or 
complaints tended to. Participants were advised that future treatments would be 
conducted at the University of Johannesburg Chiropractic Day Clinic by senior 
chiropractic students.  
 
This research study was submitted to a university board consisting of the Higher Degrees 
Committee and Research Ethics Committee as well as the Academic Ethics Committee 
and was approved with an ethics number given: REC-01-186-2018 (Appendix J). 
 
A prerequisite for this study, was a report generated by anti-plagiarism software, Turnitin, 
which showed a 13% similarity with the report included in appendices (Appendix K).  
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CHAPTER FOUR 
RESULTS 
 
4.1 Introduction 
 
The following chapter shows the results and statistical analysis of the research study 
completed. The sample group consisted of one hundred pain-free participants, with no 
acute or chronic complaints. The participants were randomly divided into two groups, 
group A and group B, fifty participants in each. Group A were physically assessed but did 
not receive spinal manipulation. Group B were physically assessed and received spinal 
manipulation to a restricted motion segment of the lower cervical spine.  
 
Data analysis included descriptive statistics and the Kolmogorov-Smirnov Test. These 
were completed on each data set to check for normality of the variables. 
 
All objective and subjective data was captured by the researcher and subsequently 
analysed by a statistician using the Kolmogorov-Smirnov Test that checked the variable 
normality of the samples and normality of score distribution. Non-parametric tests were 
then conducted on all data collected. The objective data of pressure pain threshold and 
the subjective data over time of pinprick sensitivity (PPS) were individually compared 
within each group (intragroup) using the Friedman Test. This assessed any possible 
statistical significance of variables over time. If changes were noted, a further assessment 
was completed, using the Wilcoxon Signed Ranks Test, to check the statistically 
significant changes between time periods. 
 
Intergroup analysis was also performed to assess for statistical significance between the 
groups for both variables, pressure pain threshold and pinprick sensitivity. This was done 
using Mann-Whitney tests.  
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The probability value (p-value) indicates the significance of the analysed data as a 
statistical value. P-value was set as 0.05 for the purpose of these statistics. This 
numerical value allows for efficient representation of the value of data captured. Less than 
or equal to 0.05 is considered statistically significant and is shown as p ≤ 0.05, whereas 
greater than 0.05 is not and is shown as p > 0.05.  
 
The data analysed, for both control and intervention groups include: 
• Demographic data comprised of age and gender ratios 
• Subjective data involving Neuropen and tips with readings done on a numerical 
pain-scale (Appendix E) 
• Objective data involving Wagner’s pressure algometer readings 
 
4.2 Demographic data 
 
The demographic data collected from participants involved in the research study is 
summarised as follows: age distribution and gender distributions.   
 
4.2.1 Age distribution  
 
Participants in group A ranged from 18 years to 65 years of age with a mean age of 29.8 
years. Participants in group B ranged from 20 years to 65 years of age, with a mean age 
of 32.1 years. 
 
4.2.2 Gender distribution 
 
Each group consisted of fifty participants, group A consisted of thirty females (60%) and 
twenty males (40%).  
 
Group B consisted of twenty females (40%) and thirty males (60%). Therefore within the 
research study fifty participants were female (50%) and 50 participants were male (50%).   
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GROUP A B 
AGE 
Min 18 20 
Max 65 65 
Mean 29.8 32.1 
GENDER 
Min 20 29 
Max 30 30 
Total 50 50 
 
4.3 Subjective data 
 
To assess for normality of objective data the Kolmogorov-Smirnov Test was completed. 
Analysis with statistical significance of p-value < 0.05 is considered variable normality and 
indicates normal distribution of statistics, while p-value > 0.05 suggests a violation of 
assumptions of normality and therefore statistics are not distributed within normal limits.  
 
Pinprick sensitivity (PPS) using the Neurotip and a numerical scale assessed perception 
of sharpness (Appendix I). Readings were done at four points with three readings at each 
point to limit variable interference for the control group who did not receive spinal 
manipulation. Readings were designated as follows:  initial reading (0-minutes), second 
reading (group B – first post-intervention reading, immediately after intervention, 2-
minutes) and last reading (for group B – second post-intervention reading, 10-minutes).  
 
The outcome of analysis of all variables for PPS sharpness had a p-value of 0.00 (p-value 
< 0.05). This indicated that variables for PPS were not distributed normally, therefore, 
non-parametric tests were conducted for analysis of the data.  
 
 
 
 
Table 4.1: Frequency table showing age and gender distribution within each group 
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4.3.1 Intragroup analysis 
 
Intragroup analysis consists of comparative tests done over time and at each point 
contained within each group. The statistical analysis compared each participant’s 
readings at each point over time intervals; 0-minutes, 2-minutes and 10-minutes.  
 
The non-parametric test chosen for this analysis was the Friedman Test because three 
time periods needed to be compared. Statistical significance was noted over the three-
time frames within both groups. Therefore, further tests were completed between each 
interval, to identify at which interval changes occurred.  
 
The Wilcoxon Sign Ranks Test was used for post-hoc data analysis. Readings and 
statistical analysis within each group are summarised below. 
 
• Pinprick sensitivity – Owen Mumford Neuropen and Neurotip 
 
Cervical spine region 
Figure 4.1: Line graph showing changes over time between groups for pinprick 
sensitivity - right cervical region 
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o Group A – control group – right cervical region 
 
The Friedman Test indicated that there was a statistically significant variance in the 
pinprick sensitivity for sharpness testing across the three time intervals as shown in figure 
4.1. Inspection of the mean ranks showed decreased sharpness statistically from initial 
(Mean = 2.42) to 2-minutes (Mean = 1.91) and 10-minutes (Mean = 1.67). 
 
A further non-parametric test, the Wilcoxon Signed Ranks Test, was done to interpret  the 
relationship between time frames to ascertain at which interval the greatest change 
occurred within group A. Comparative analysis was completed between initial and second 
reading, second and last reading as well as initial and last readings. 
 
At this point of analysis, the Bonferroni adjustment was applied to ensure accuracy and 
to limit errors of statistical significance, specifically with multiple comparative tests or more 
than one set of variables being tested. This lowers the alpha value that is used to justify 
significance for the Wilcoxon Signed Ranks Test, as p-value being ≤ 0.017.  
 
Analysis of data collected for PPS of the right cervical region for the control group was 
done using the Friedman Test, and revealed a p-value of 0.00 (p-value < 0.05) over time 
frames thus indicating statistically significant changes in pinprick sensitivity, with further 
analysis needed.  
 
The mean value for the first reading (0-minutes) was 4.10 (SD ± 1.61). This mean value 
decreased at the second reading (2-minutes) to 3.76 (SD ±1.57) showing an 8.5% 
decrease in sharpness experienced. Analysis of data by Wilcoxon Signed Ranks Tests 
had p-value for this comparison as 0.000 (p-value < 0.017), indicating a statistically 
significant difference between the initial and second readings, with decreased PPS 
sharpness.  
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The mean value for the 2-minute reading compared to the mean 10-minute reading, 
revealed a decreased sharpness reading of 3.6 (SD ± 1.53), indicating a 4.3% decrease 
in PPS sharpness to the last reading (10-minutes). According to Wilcoxon Signed Ranks 
Tests, the p-value was 0.33 (p > 0.017), indicating that there was not a statistically 
significant change for PPS between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading, that revealed a 12% decrease in sharpness with the 
Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017) showing a significant 
decrease in PPS sharpness readings over time for this location. 
 
o Group B – intervention group – right cervical region 
 
 
Overall analysis of data collected for the right cervical region for PPS of the intervention 
group done by the Friedman Test revealed a p-value of 0.00 (p-value < 0.05) over three 
time frames. This indicated statistically significant changes in pinprick sensitivity between 
intervals, with further analysis needed.  
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity to sharpness across the three time intervals as shown above in figure 4.1. 
Inspection of the mean ranks showed a decrease sharpness statistic from initial (Mean = 
2.74) to 2-minutes (Mean = 2.19) and to 10-minutes (Mean = 1.07). 
 
The mean value for the first reading (0-minutes) was 4.58 (SD ± 1.49). This mean value 
decreased at the second reading (2-minutes) to 4.02 (SD ±1.46) showing a 12.2% 
decrease in PPS sharpness experienced immediately after intervention. Analysis of data 
by Wilcoxon Signed Ranks Tests had p-value for this comparison as 0.000 (p-value < 
0.017), indicating a statistically significant difference in PPS sharpness between the initial 
and second reading.  
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The mean value for the 2-minute reading was compared to the mean 10-minute reading. 
The 10-minute reading had a greater decrease in sharpness with a recording of 2.06 (SD 
± 1.41), indicating a 49% decrease in PPS sharpness at the last reading (10-minutes). 
According to Wilcoxon Signed Ranks Tests p-value was 0.000 (p < 0.017), indicating a 
statistically significant change for PPS between 2-minutes and 10-minutes.  
 
The final comparative assessment between the initial and 10-minute reading revealed a 
55% decrease in sharpness with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-
value < 0.017), showing a significant decrease in PPS sharpness readings. 
 
 
o Group A – control group – left cervical region 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity to sharpness across the three time intervals as shown above in figure 4.2. 
Inspection of the mean ranks showed decreased sharpness statistics between the initial 
(Mean = 2.63) to 2-minutes (Mean = 1.85) and 10-minutes (Mean = 1.52) within the group. 
Figure 4.2: Line graph showing changes over time between groups for pinprick 
sensitivity - left cervical region 
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Overall, the analysis of data collected using the Friedman Test for right neck PPS of the 
control group revealed a p-value of 0.00 (p-value < 0.05) over time frames. Statistically 
significant changes in pinprick sensitivity were identified, therefore, further analysis of 
data was needed.  
 
The mean value for the first reading (0-minutes) was 4.34 (SD ± 1.42). This mean value 
decreased at the second reading (2-minutes) to 3.82 (SD ±1.44) showing a 12% decrease 
in sharpness experienced. Analysis of data by Wilcoxon Signed Ranks Tests had p-value 
for this comparison as 0.000 (p-value < 0.017), indicating a statistically significant 
difference between the initial and second readings, with decreased PPS sharpness.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, had a decreased sharpness recording of 3.6 (SD ± 1.44), indicating a 5.8% 
decrease in sharpness at the last reading (10-minutes). According to the Wilcoxon Signed 
Ranks Test, p-value was 0.016 (p < 0.017), indicating that there was a statistically 
significant change for PPS between 2-miutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and 10-minute reading that revealed a 17% decrease in sharpness 
with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017), showing a 
significant decrease in PPS sharpness readings. 
 
o Group B – intervention group – left cervical region 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity to sharpness across the three time intervals (initial, 2-minutes, and 10-minutes) 
as shown above in figure 4.2. Inspection of the mean ranks showed decreased sharpness 
statistics comparatively between the initial (Mean = 2.9) to 2-minutes (Mean = 1.99) and 
10-minutes (Mean = 1.11). 
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Data collected for the right cervical spine PPS of the intervention group was analysed 
using the Friedman Test and revealed a p-value of 0.00 (p-value < 0.05) over time frames. 
Therefore, statistically significant changes in pinprick sensitivity were identified, with 
further analysis needed.  
 
The mean value for the first reading (0-minutes) was 4.66 (SD ± 1.42). The mean value 
decreased at the second reading (2-minutes) to 3.64 (SD ±1.61) showing 21.8% 
decreased sharpness at the left cervical spine. Analysis of data by Wilcoxon Signed 
Ranks Tests had p-value for this comparison as 0.000 (p-value < 0.017), indicating a 
statistically significant difference between the initial and second readings, with decreased 
PPS sharpness.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, had a decreased sharpness recording of 2 (SD ± 1.19), indicating a 45% 
decrease in PPS sharpness at the last reading (10-minutes). According to the Wilcoxon 
Signed Ranks Test p-value was 0.000 (p < 0.017), indicating that there was a statistically 
significant change for PPS between 2-miutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and 10-minute reading, that revealed a 57% decrease in sharpness 
with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017), showing a 
significant decrease in PPS sharpness readings. 
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Calf readings 
 
o Group A – control group – right calf region 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity test to sharpness across the three time intervals as shown above in figure 4.3. 
Inspection of the mean ranks showed decreased sharpness statistics from initial (Mean 
= 2.57) to 2-minutes (Mean = 1.96) and 10-minutes (Mean = 1.47). 
 
Overall, analysis done by the Friedman Test, of data collected for the right calf PPS of 
the control group, revealed a p-value of 0.00 (p-value < 0.05) over time frames thus 
indicating statistically significant changes in pinprick sensitivity, with further analysis 
needed.  
 
Figure 4.3: Line graph showing changes over time between groups for pinprick 
sensitivity - right calf region 
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The mean value for the first reading (0-minutes) was 2.86 (SD ± 1.28). The mean value 
decreased at the second reading (2-minutes) to 2.42 (SD ±1.33), showing a 15% 
decrease in sharpness experienced between the first and second reading.  
 
Analysis of data by Wilcoxon Signed Ranks Tests had p-value for this comparison as 
0.000 (p-value < 0.017), indicating a statistically significant difference between the initial 
and second readings, with decreased PPS sharpness.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, with a decreased sharpness recording of 2.06 (SD ± 1.22), indicated a 14.9% 
decrease in PPS sharpness at the last reading (10-minutes). According to the Wilcoxon 
Signed Ranks Test, p-value was 0.000 (p < 0.017), indicating a statistically significant 
change for PPS between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading, that revealed a 28% decrease in sharpness with the 
Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017), showing a significant 
decrease in pinprick sharpness at the right calf region for the control group. 
 
o Group B – intervention group – right calf region 
 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity test to sharpness across the three time intervals as shown above in figure 4.3. 
Inspection of the mean ranks showed decreased sharpness statistics from initial (Mean 
= 2.79) to 2-minutes (Mean = 2.04) and 10-minutes (Mean = 1.17). 
 
Overall, analysis done by the Friedman Test, of data collected for right calf PPS of the 
intervention group, revealed a p-value of 0.00 (p-value < 0.05) over time frames. Thus, 
statistically significant changes in pinprick sensitivity were noted, with further analysis 
needed.  
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The mean value for the first reading (0-minutes) was 3.62 (SD ± 1.47). This mean value 
decreased at the second reading (2-minutes) to 2.9 (SD ±1.5) showing a 19.8% decrease 
in sharpness experienced. Analysis of data by Wilcoxon Signed Ranks Tests had p-value 
for this comparison as 0.000 (p-value < 0.017), indicating a statistically significant 
difference between the initial and second readings, with decreased PPS sharpness.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, with a decreased sharpness recording of 1.72 (SD ± 1.25), indicated a 41% 
decrease in PPS sharpness at the last reading (10-minutes). According to the Wilcoxon 
Signed Ranks Test, p-value was 0.000 (p < 0.017), indicating a statistically significant 
change for PPS between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was comparative assessment 
between the initial and last reading, that revealed a 52% decrease in sharpness at the 
medial calf region with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 
0.017), showing a significant decrease in PPS sharpness readings over time. 
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o Group A – control group – left calf region 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity test to sharpness across the three time intervals, as shown in 4.4. Inspection 
of the mean ranks showed a decrease in sharpness statistics from initial (Mean = 2.52) 
to 2-minutes (Mean = 2.06) and 10-minutes (Mean = 1.42). 
 
Overall analysis done by the Friedman Test of data collected for left calf PPS of the control 
group, revealed a p-value of 0.00 (p-value < 0.05) over time frames thus indicating 
statistically significant changes in pinprick sensitivity, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 2.94 (SD ± 1.1). This mean value 
decreased at the second reading (2-minutes) to 2.52 (SD ± 0.99) showing a 14% 
decrease in sharpness experienced.  
 
Figure 4.4: Line graph showing changes over time between groups for pinprick 
sensitivity– left calf region 
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Analysis of data by Wilcoxon Signed Ranks Tests had p-value for this comparison as 
0.000 (p-value < 0.017), indicating a statistically significant difference between the initial 
and second readings, with decreased PPS sharpness.  
 
The mean value for the second reading compared to the mean value at the last reading, 
with decreased sharpness recording of 2.04 (SD ± 1.04), indicated a 19% decrease in 
PPS sharpness at the last reading (10-minutes). According to Wilcoxon Signed Ranks 
Tests, p-value was 0.000 (p < 0.017), indicating a statistically significant change for PPS 
between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 30% decrease in sharpness with the 
Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017), showing a significant 
decrease in PPS sharpness readings at the right calf region for the control group. 
 
o Group B – intervention group – left calf region 
 
 
The Friedman Test indicated that there was a statistically significant variance in pinprick 
sensitivity test to sharpness across the three time intervals as shown in figure 4.4. 
Inspection of the mean ranks showed a decrease in sharpness statistics from initial (Mean 
= 2.79) to 2-minutes (Mean = 2.04) and 10-minutes (Mean = 1.17). 
 
Overall analysis done by the Friedman Test of data collected for left calf PPS of the 
intervention group, revealed a p-value of 0.00 (p-value < 0.05) over time frames thus 
indicating statistically significant changes in pinprick sensitivity, with further analysis 
needed.  
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The mean value for the first reading (0-minutes) was 4.02 (SD ± 1.5). This mean value 
decreased at the second reading (2-minutes) to 3.22 (SD ±1.5) showing a 19.9% 
decrease in sharpness experienced. Analysis of data by Wilcoxon Signed Ranks Tests 
had p-value for this comparison as 0.000 (p-value < 0.017), indicating a statistically 
significant difference between the initial and second readings, with decreased PPS 
sharpness.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading showed a decreased sharpness reading of 2.14 (SD ± 1.4) indicating a 33.5% 
decrease in PPS sharpness at the last reading (10-minutes). According to Wilcoxon 
Signed Ranks Tests, p-value was 0.000 (p < 0.017), indicating a statistically significant 
change for PPS between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 46.7% decrease in sharpness at the 
medial calf region with the Wilcoxon Signed Ranks Test showing a p-value of 0.000 (p-
value < 0.017), reflecting a significant decrease in PPS sharpness readings over time. 
 
4.3.2 Intergroup analysis 
 
Comparative testing was carried out between group A and group B, to assess for 
variations, relationships or correlations between the variables tested, PPS and PPT. This 
was done to check if the SMT that was applied to group B influenced the readings for 
both the Neuropen and Pressure algometer. The data collected from devices and 
compared between groups either confirmed or disproved the hypothesis that the SMT 
may have influenced the nervous system and central components. The Mann-Whitney 
Test was completed to compare group A and group B results and any statistical 
significance of the research data that was captured was identified and noted.  
 
These results will be discussed in further detail with objective intergroup analysis.  
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4.4 Objective data 
 
4.4.1 Intragroup analysis  
 
Intragroup analysis consists of comparative tests done over time and at each point 
contained within each group. The statistical analysis compared each participant’s 
readings at each point over three time intervals; 0-minutes, 2-minutes and 10-minutes. 
The non-parametric test used for this analysis was the Friedman Test. The Friedman Test 
was done since there were three time periods that needed to be compared. Statistical 
significance was noted over the three time frames within both groups. Therefore, further 
tests were completed between the time intervals, to identify at which point changes 
occurred. The Wilcoxon Sign Ranks Test was used for post-hoc data analysis. Readings 
and analysis have been summarised further for each individual location tested for 
pressure pain threshold per group. 
 
Pressure pain threshold – Wagner’s Pressure Algometer 
 
Cervical spine readings 
Figure 4.5: Line graph showing changes over time between groups for pressure 
pain threshold – right cervical region 
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o Group A – control group – right cervical region  
 
 
The Friedman Test indicated that there was a statistically significant variance in 
pressure pain threshold across the three time intervals as shown above in figure 4.5. 
Inspection of the mean ranks showed increased threshold statistics from initial (Mean = 
1.22) to 2-minutes (Mean = 2.05) and 10-minutes (Mean = 2.73). 
 
Data collected for PPT for the right cervical region for the control group was analysed 
using the Friedman Test and revealed a p-value of 0.00 (p-value < 0.05) over time frames 
thus indicating statistically significant changes in PPT, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 2.49 (SD ± 0.76). This mean value 
increased at the second reading (2-minutes) to 2.56 (SD ± 0.78) showing a 2.8% increase 
in pressure threshold. 
 
Analysis of data by Wilcoxon Signed Ranks Tests showed a p-value for this comparison 
as 0.000 (p-value < 0.017), indicating a statistically significant difference between the 
initial and second readings, with increased PPT.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, with an increased PPT recording of 2.6 (SD ± 0.77), indicated a 1.5% increase 
in PPT at the last reading (10-minutes). According to Wilcoxon Signed Ranks Tests p-
value was 0.000 (p < 0.017), indicating a statistically significant increase for PPT between 
the second and last reading.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 4.1% increase in PPT. The Wilcoxon 
Signed Ranks Test indicated p-value as 0.000 (p-value < 0.017), showing a statistically 
significant increase in PPT readings at the left cervical region for the control group over 
time. 
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o Group B – intervention group – right cervical region 
 
 
The Friedman Test indicated that there was a statistically significant variance in PPT 
across the three time intervals as shown above in figure 4.5. Inspection of the mean ranks 
showed increased threshold statistics from initial (Mean = 1) to 2-minutes (Mean = 2.07) 
and 10-minutes (Mean = 2.93). 
 
Overall analysis of data collected for the right cervical region of the intervention group by 
the Friedman Test, revealed a p-value of 0.00 (p-value < 0.05) over time thus indicating 
statistically significant changes in PPT, with further analysis required.  
 
The mean value for the first reading (0-minutes) was 2.6 (SD ± 0.71). The mean increased 
at the second reading (2-minutes) to 3.42 (SD ±0.71) with a 31.5% increase in pain 
threshold at the right cervical region. Analysis of data by Wilcoxon Signed Ranks Tests 
had p-value for this comparison as 0.000 (p-value < 0.017), indicating a statistically 
significant difference between the initial and second reading.  
 
The mean value for the second reading compared to the mean value of the last reading 
(10-minutes) had an increased threshold of 3.6 (SD ± 0.68), with a  5.3% increase in PPT. 
According to Wilcoxon Signed Ranks Tests, p-value was 0.000 (p < 0.017), indicating a 
statistically significant change for PPT between 2-minutes and 10-minutes.  
 
The final analysis for this data set was a comparative assessment between the initial and 
last reading that revealed a 38% increase in PTT in this region. The Wilcoxon Signed 
Ranks Test showed a p-value of 0.000 (p-value < 0.017), therefore results showed a 
significant increase in PPT readings over time at the right cervical region. 
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o Group A – control group – left cervical region 
 
The Friedman Test indicated that there was a statistically significant variance in pressure 
pain threshold across the three time intervals as shown above in figure 4.6. Inspection of 
the mean ranks showed increased threshold statistics from initial (Mean = 1.35) to 2-
minutes (Mean = 1.96) and 10-minutes (Mean = 2.69). 
 
Overall analysis done using the Friedman Test on data collected for left cervical region 
PPT of the control group, revealed a p-value of 0.00 (p-value < 0.05) over time frames 
thus indicating statistically significant changes in pain threshold over time, with further 
analysis needed.  
 
The mean value for the first reading (0-minutes) was 2.65 (SD ± 1.17). This mean value 
decreased at the second reading (2-minutes) to 2.6 (SD ± 0.92) showing a 1.8% decrease 
in pressure threshold between the two time frames.  
Figure 4.6: Line graph showing changes over time between groups for pressure 
pain threshold – left cervical region 
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Analysis of data by Wilcoxon Signed Ranks Tests had p-value for this comparison as 
0.000 (p-value < 0.017), indicating a statistically significant difference between the initial 
and second readings, with a decrease in PPT.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, with an increased PPT reading of 2.67 (SD ± 0.84), indicated a 2.7% increase in 
PPT at the last reading (10-minutes). According to Wilcoxon Signed Ranks Tests, p-value 
was 0.000 (p < 0.017), indicating a statistically significant change for PPT between 2-
minutes and 10-minutes.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed an overall increase of pain threshold by 
0.8% with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017) showing a 
significant increase in pressure pain threshold at the left cervical region for the control 
group. 
 
o Group B – intervention group – left cervical region 
 
 
The Friedman Test indicated that there was a statistically significant variance in PPT 
across the three time intervals as shown above in figure 4.6. Inspection of the mean ranks 
showed increased threshold statistics from initial (Mean = 1.01) to 2-minutes (Mean = 
2.17) and 10-minutes (Mean = 2.82). 
 
Analysis done using the Friedman Test on data collected for the left cervical region PPT 
of the intervention group revealed a p-value of 0.00 (p-value < 0.05) over time frames 
thus indicating statistically significant changes in PPT, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 2.68 (SD ± 0.76). This mean value 
increased at the second reading (2-minutes) to 3.4 (SD ±0.75) showing 27% increased 
pain threshold.  
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Analysis of data by Wilcoxon Signed Ranks Tests had p-value for this comparison as 
0.000 (p-value < 0.017), indicating a statistically significant difference between the initial 
and second readings for the intervention group.  
 
The mean value for the second reading compared to the mean value at the last reading, 
reported an increased threshold recording of 3.6 (SD ± 0.7), indicating a 5.9% increased 
pressure pain threshold at the last reading (10-minutes). According to Wilcoxon Signed 
Ranks Tests, p-value was 0.000 (p < 0.017), indicating a statistically significant change 
for PPT between post-intervention readings.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 34% increased PTT in the left cervical 
region with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017) showing 
a statistically significant increase in PPT from pre to 10-minutes post-intervention 
readings. 
 
Calf readings 
Figure 4.7: Line graph showing changes over time between groups for pressure 
pain threshold – right calf region 
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o Group A – control group – right calf region 
 
The Friedman Test indicated that there was a statistically significant variance in pressure 
pain threshold across the three time intervals as shown above in figure 4.7. Inspection of 
the mean ranks showed increased threshold statistics from initial (Mean = 1.27) to 2-
minutes (Mean = 2.09) and 10-minutes (Mean = 2.64). 
 
Overall analysis done using the Friedman Test on data collected for right calf region PPT 
for the control group, revealed a p-value of 0.00 (p-value < 0.05) over time frames thus 
indicating statistically significant changes in PPT, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 3.46 (SD ± 0.74). This mean value 
increased at the second reading (2-minutes) to 3.5 (SD ± 0.72) showing a 1.2% increase 
in pressure threshold. Analysis of data by Wilcoxon Signed Ranks Tests had p-value for 
this comparison as 0.000 (p-value < 0.017), indicating a statistically significant difference 
between the initial and second readings.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, with increased PPT recording of 3.59 (SD ± 0.72), indicated a 2.6% increase in 
PPT at the last reading (10-minutes). According to Wilcoxon Signed Ranks Tests p-value 
was 0.000 (p < 0.017), indicating a statistically significant change for PPT between 2-
minutes and 10-minutes.  
 
The final comparison that was completed for this data set was comparative assessment 
between the initial and last reading that revealed a 3.8% increase in PPT with the 
Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017), showing a significant 
increase in PPT readings at the right calf region over time. 
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o Group B – intervention group – right calf region 
 
The Friedman Test indicated that there was a statistically significant variance in PPT 
across the three time intervals as shown above in figure 4.7. Inspection of the mean ranks 
showed increased threshold statistics from initial (Mean = 1) to 2-minutes (Mean = 2.07) 
and 10-minutes (Mean = 2.93). 
 
Overall analysis done by the Friedman Test of data collected for the right medial calf 
region of the intervention group, revealed a p-value of 0.00 (p-value < 0.05) over time 
frames thus indicating statistically significant changes in PPT, with further analysis 
needed.  
 
The mean value for the first reading (0-minutes) was 3.2 (SD ± 0.59). This mean value 
increased at the second reading (2-minutes) to 4.04 (SD ±0.63) showing a 21% increased 
pain threshold at the right calf region. Analysis of data by Wilcoxon Signed Ranks Tests 
had p-value for this comparison as 0.000 (p-value < 0.017), indicating a statistically 
significant difference between the pre- and post-intervention readings.  
 
The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, revealed an increased threshold recording of 4.2 (SD ± 0.58), indicating a 3.9% 
increased PPT at the last reading (10-minutes). According to Wilcoxon Signed Ranks 
Tests, p-value was 0.000 (p < 0.017), indicating that there was a statistically significant 
change for PPT.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 46.7% increased PTT at the medial 
calf region with the Wilcoxon Signed Ranks Test p-value of 0.000 (p-value < 0.017) 
showing a statistically significant increase in pain threshold at the right calf region 
between pre-intervention and 10-minutes post-intervention readings. 
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o Group A – control group – left calf region 
 
The Friedman Test indicated that there was a statistically significant variance in pressure 
pain threshold across the three time intervals as shown above in figure 4.8. Inspection of 
the mean ranks showed increased threshold statistics from initial (Mean = 1.19) to 2-
minutes (Mean = 2.11) and 10-minutes (Mean = 2.7). 
 
Overall analysis done using the Friedman Test on data collected for the left calf region 
PPT for the control group, revealed a p-value of 0.00 (p-value < 0.05) over time frames 
thus indicating statistically significant changes in PPT, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 3.4 (SD ± 0.72). This mean value 
increased marginally at the second reading (2-minutes) to 3.48 (SD ± 0.72) showing a 
2.9% increase in pressure pain threshold. Analysis of data by Wilcoxon Signed Ranks 
Tests had p-value for this comparison as 0.000 (p-value < 0.017), indicating a statistically 
significant increase of PPT between the initial and second readings at the left calf region. 
Figure 4.8: Line graph showing changes over time between groups for pressure 
pain threshold – left calf region 
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The mean value for the 2-minute reading compared to the mean value at the 10-minute 
reading, showed an increased pain threshold recording of 3.53 (SD ± 0.73), indicating a 
1.4% increase at the last (10-minutes). According to Wilcoxon Signed Ranks Tests, p-
value was 0.000 (p < 0.017), indicating that there was a statistically significant change for 
PPT between 2-minutes and 10-minutes.  
 
The final comparison that was completed for this data set was between the initial and last 
reading that revealed a 3.7% increased PPT. The Wilcoxon Signed Ranks Test p-value 
as 0.000 (p-value < 0.017), showed a significant increase in PPT readings at the left calf 
region for the control group. 
 
o Group B – intervention group – left calf region 
 
 
The Friedman Test indicated that there was a statistically significant variance in PPT 
across the three time intervals as shown above in figure 4.8. Inspection of the mean ranks 
showed increased threshold statistics from initial (Mean = 1) to 2 minutes (Mean = 2.19) 
and at 10-minutes (Mean = 2.81). 
 
Overall analysis done by the Friedman Test of data collected for the left medial calf region 
of the intervention group, revealed a p-value of 0.00 (p-value < 0.05) over time frames 
thus indicating statistically significant change in PPT, with further analysis needed.  
 
The mean value for the first reading (0-minutes) was 3.3 (SD ± 0.70). This mean value 
increased at the second reading (2-minutes) to 4.05 (SD ±0.73) showing a 22.7% 
increased pain threshold. Analysis of data by Wilcoxon Signed Ranks Tests had p-value 
for this comparison as 0.000 (p-value < 0.017) indicating a statistically significant 
difference between the initial and second readings.  
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The mean value for the second reading compared to the mean value of the last reading, 
with an increased threshold recording of 4.2 (SD ± 0.67), indicated a 3.7% increase in 
PPT between the two time frames. According to Wilcoxon Signed Ranks Tests p-value 
was 0.000 (p < 0.017), indicating a statistically significant change for PPT.  
 
The final comparison that was completed for this data set was a comparative assessment 
between the initial and last reading that revealed a 27.5% increase in PTT with the 
Wilcoxon Signed Ranks Test p-value as 0.000 (p-value < 0.017), showing a statistically 
significant increase in PPT readings at the left calf over time for the intervention group. 
 
4.4.2 Intergroup analysis 
 
The two group’s comparative data is crucial in order to ascertain the potential effect of 
SMT on the outcomes of devices tested, namely the Neuropen and Wagner’s pressure 
algometer.  
 
For this research study the Mann-Whitney Test was used to assess data since two 
sample groups were included in the study. This statistical non-parametric test compares 
individual time intervals and analyses data between the two groups for each respective 
location tested. It compares median values, converting scores on continuous variables to 
ranks. The intergroup analysis for each location has been summarised below.  
 
Statistical significance is determined by the p-value. The p-value determines the value of 
the probability of the results. The Mann-Whitney Test that was conducted for inter-
analysis for this data set was initially p-value ≤ 0.05. Due to multiple comparisons being 
done with the variables, Bonferroni adjustment is applied to maintain compliance of the 
data within testing assumptions, therefore p-value ≤ 0.017. 
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Effect size was calculated for the comparisons that were noted to have statistical 
significance. The effect size determines if the outcomes of significance (p ≤ 0.017) could 
be quantified by determining the degree of variance of the Mann-Whitney test and 
emphasising the size of the difference between the two groups. Median values are used 
throughout intergroup analysis to limit data being skewed by outliers in the raw data. 
 
All differences between group A and group B are summarised below. 
 
• Pinprick sensitivity – Owen Mumford Neuropen and Neurotip 
 
Cervical spine region 
Location Readings Groups 
Median 
value 
M-W 
Ranks 
P-value 
Ɀ- 
value 
Effect 
Size 
Cervical 
spine 
paraspinal 
region 
(PPS) 
R1        
(0 mins) 
A 4 45.38 
0.071 -1.803 N/A 
B 4 55.62 
R2 
(2 mins) 
A 3.5 47.22 
0.248 -1.155 N/A 
B 4 53.78 
R3 
(10 mins) 
A 3 65.20 
0.000* -5.178 
0.52 
(large effect 
size) B 2 35.80 
L1 
(0 mins) 
A 4 47.27 
0.253 -1.143 N/A 
B 4 53.73 
L2 
(2 mins) 
A 4 52.63 
0.454 -0.749 N/A 
B 3 48.37 
L3 
(10 mins) 
A 3 66.38 
0.000* -5.602 
0.56 
(large effect 
size) B 
2 34.62 
With reference to tables: 4.2, 4.3, 4.4 and 4.5. 
 M-W, Mann-Whitney; R1, right first reading; R2, right second reading; R3, right last 
reading; L1, left first reading; L2, left second reading; L3, left last reading. 
* indicates statistical significance of value – prompting effect size calculation. 
Table 4.2: Intergroup data analysis of cervical spine PPS readings, containing 
comparative median values, Mann-Whitney (M-W) Ranks, P-values and effect size. 
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Raw data collected from group A and group B for the cervical regions PPS were 
compared using the Mann-Whitney test. Group A and group B pinprick sensitivity 
readings were compared for each time interval using the Mann-Whitney test. Results 
indicated statistically significant differences between group A readings and group B 
readings over time for the cervical regions as summarised in table 4.2.  
 
As shown above in table 4.2 there was a statistically significant difference between group 
A and group B for the right cervical region PPS readings. This was at the third time interval 
for the last reading (10-minutes) and for this comparison p-value was 0.000 (p-value < 
0.017). Thus, the statistical significance warranted further comparative assessment. The 
median values for the region were compared to determine direction of difference. Group 
A had a median value of 3 and group B had a median value of 2 thus indicating that group 
B had a lower sensitivity to sharpness 10-minutes after spinal manipulation was applied 
with a large effect size.  
 
It could also be noted in table 4.2 that there was a statistically significant difference 
between the groups for the left cervical region PPS readings taken for the last reading 
(10-minutes). The significance level was p-value of 0.000 (p-value < 0.017) which  
warranted further comparative assessment to determine direction of difference. The 
median value of group A was 3 and group B was 2, showing that group B had a lower 
sensitivity to sharp stimuli at the left cervical region 10-minutes after spinal manipulation 
compared to group A with a large effect size.  
 
Otherwise, the comparative Mann-Whitney test results for pinprick sensitivity on the right 
and left cervical regions over time were unremarkable with no additional statistical 
significance noted between the groups.  
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Calf region 
 
As shown above in table 4.3 there was a statistically significant difference between group 
A and group B for the right calf region PPS readings.  
 
At the first time interval for the initial reading (0-minutes), a statistically significant 
difference was noted with a p-value of 0.010 (p-value < 0.017). Thus, the statistical 
significance warranted further comparative assessment. The median values for the region 
were compared to determine direction of difference. Group A had a median value of 3 
and group B a median value of 3. There did not appear to be a median variance to 
determine direction of difference, but it can be noted that that there was a small to medium 
effect size relative to a statistically significant difference between the two groups.  
 
 
 
Location Readings Groups 
Median 
value 
M-W 
Ranks 
P-value 
Ɀ- 
value 
Effect 
Size 
Medial 
calf 
region 
(PPS) 
R1 
(0 mins) 
A 3 43.29 
0.010* -2.588 
0.26  
(small to 
medium 
effect size) 
B 
3 
57.71 
R2 
(2 mins) 
A 2 45.66 
0.086 -1.718 N/A 
B 3 55.34 
R3 
(10 mins) 
A 2 55.83 
0.045 -2.002 N/A 
B 1 45.17 
L1 
(0 mins) 
A 3 39.81 
0.000* -3.793 
0.37 
(medium 
effect size) B 4 61.19 
L2 
(2 mins) 
A 2 43.92 
0.018 -2.357 N/A 
B 3 57.08 
L3 
(10 mins) 
A 2 51.20 
0.799 -0.254 N/A 
B 2 49.80 
Table 4.3: Intergroup data analysis of calf region PPS readings containing 
comparative median values, Mann-Whitney (M-W) Ranks, P-values and effect size  
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It can also be noted in table 4.3 that there was a statistically significant difference between 
the groups at the left calf region taken at 0-minutes with a p-value of 0.000 (p < 0.017). 
Median value comparison showed group A had a median value of 3 and group B a median 
value of 4, showing that group A had a higher sharpness sensitivity with a medium effect 
size. 
 
Otherwise, no statistically significant changes were noted between group A and group B 
calf region PPS readings. 
 
• Pressure Pain Threshold - Wagner’s Pressure Algometer 
 
Cervical spine region 
 
 
 
Location Readings Groups 
Median 
value 
M-W 
Ranks 
P-value 
Ɀ- 
value 
Effect 
Size 
Cervical 
spine 
paraspinal 
region 
(PPT) 
 
 
 
 
 
 
 
 
 
 
R1 
(0 mins) 
A 2.45 46.75 
0.195 -1.297 N/A 
B 2.8 54.25 
R2 
(2 mins) 
A 2.55 36.46 
0.000* -4.844 
0.49 
(medium to 
large effect 
size) 
B 
3.5 
64.54 
R3  
(10 mins) 
A 2.6 34.7 
0.000* -5.453 
0.55  
(large effect 
size) B 3.65 66.30 
L1 
(0 mins) 
A 2.4 47.43 
0.287 -1.064 N/A 
B 2.8 53.57 
L2  
(2 mins) 
A 2.45 35.99 
0.000* -5.008 
0.5 
(large effect 
size) B 3.4 65.01 
L3 
(10 mins) 
A 2.5 35.13 
0.000* -5.304 
0.53 
(large effect 
size) B 
3.55 65.87 
Table 4.4: Intergroup data analysis of cervical spine PPT readings, containing 
comparative data of median values, M-W Ranks, P-value and effect size. 
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Mann-Whitney Testing was completed on cervical spine PPT readings to assess 
objective comparative data between the two sample groups. Table 4.4 shows that there 
were synonymous significant statistical results between group A and group B. 
 
As shown in table 4.4, there were several statistically significant differences between 
group A and group B for the right cervical region PPT readings. This was at the second 
interval for the 2-minutes reading with a p-value as 0.000 (p-value < 0.017). Thus, the 
statistical significance warranted further comparative assessment. The median values for 
the region were compared to determine direction of difference. Group A had a median 
value of 2.55 and group B had a median value of 3.5. This indicates that group B had a 
higher pressure pain threshold recording after spinal manipulation was applied with a 
medium to large effect size.  
 
Also noted in table 4.4, the right cervical region has a significant statistical value indicated 
for the third, last reading (10-minutes) with a  p-value of 0.000 (p-value < 0.017). Median 
values were therefore compared to assess direction of difference. Group A had a median 
value of 2.6 and group B a median value of 3.65. This showed that group B had a higher 
pressure pain threshold at the last reading than group A with a large effect size. 
 
Table 4.4 shows statistically significant differences for  the left cervical region at the 
second time interval (2-minutes) with a  p-value of 0.000 (p-value < 0.017). Median values 
were therefore compared to assess direction of difference.  Group A had a median value 
of 2.45 and group B a median value of 3.4. This indicates that group B had a higher 
pressure pain threshold at the second reading than group A with a large effect size. 
 
Also noted in table 4.4, the left cervical region has a significant statistical value indicated 
for the third, last reading (10-minutes) with a  p-value of 0.000 (p-value < 0.017). 
Therefore median values were compared to assess direction of difference: group A had 
a median value of 2.5 and group B a median value of 3.55. This showed that group B had 
a higher pressure pain threshold at the last reading than group A with a large effect size. 
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Calf region 
 
 
As shown in table 4.5, there is a significant statistical value indicated  for the right calf 
region for the second reading, with a  p-value of 0.002 (p-value < 0.017). Median values 
were therefore compared to assess direction of difference: group A had a median value 
of 3.45 and group B a median value of 4. This shows that group B had a higher pressure 
pain threshold at the last reading than group A with a medium effect size. 
 
Also noted in table 4.5, the last reading (10-minutes) had a statistically significant 
difference between the groups with a p-value of 0.000 (p-value < 0.017). Comparison of 
median values showed that group A had 3.55 and group B 4.2, indicating that group B 
had a higher pressure threshold than group A with a medium to large effect size. 
 
 
Location Readings Groups 
Median 
value 
M-W 
Ranks 
P-value 
Ɀ- 
value 
Effect 
Size 
Medial 
calf 
region 
(PPT) 
R1 
(0 mins) 
A 3.45 55.17 
0.106 -1.615 N/A 
B 3.15 45.83 
R2 
(2 mins) 
A 3.45 41.31 
0.002* -3.175 
0.3 
(medium 
effect size) B 4 59.69 
R3 
(10 mins) 
A 
3.55 
39.05 
0.000* -3.958 
0.4 
(medium to 
large effect 
size) B 
4.2 61.95 
L1 
(0 mins) 
A 3.45 51.64 
0.691 -0.397 N/A 
B 3.3 49.36 
L2 
(2 mins) 
A 3.5 40.29 
0.000* -3.526 
0.32 
(medium 
effect size) B 4 60.71 
L3 
(10 mins) 
A 3.6 38.03 
0.000* -4.306 
0.43 
(medium to 
large effect 
size) 
B 
4.2 
62.97 
Table 4.5: Intergroup data analysis of calf PPT readings, containing comparative 
median values, Mann-Whitney (M-W) Ranks, P-values and effect size. 
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With reference to table 4.5, statistically significant differences were noted at the second 
reading (2-minutes) with a p-value of 0.000 (p-value < 0.017). Comparison of median 
values showed that group A had a median value of 3.5 and group B had a median value 
of 4. Therefore, group B had a higher pressure pain threshold statistically than group A 
at 2-minutes, with a medium effect size. 
 
Also noted in table 4.5, there was a statistically significant difference between the groups 
at the last interval (10-minutes) with a p-value of 0.000 (p-value < 0.017). Median value 
comparison showed that group A had a median value of 3.6 and group B a median value 
of 4.2. Therefore, group B had a higher pressure threshold than group A at the last reading 
with a medium to large effect size. 
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CHAPTER FIVE 
 
DISCUSSION 
 
5.1 Introduction 
 
The following chapter discusses the outcomes and results of the clinical trial that were 
presented in chapter four with reference to previous studies discussed in the literature 
review in order to substantiate findings. 
 
It contains a clinical analysis and discussion of the data collected from the research trials 
with the focus being on the intergroup comparative results and relationships. It should 
however be mentioned that although the potential results indicated in chapter four may 
be statistically significant, they may not have clinical significance.  
 
5.2 Demographics 
 
The completed trial consisted of one hundred, randomly selected participants that were 
equally divided into two groups, a control group A and an intervention group B.  
 
Participants in group A ranged from 18 years to 65 years of age with a mean age of 29.8 
years. Participants in group B ranged from 20 years to 65 years of age, with a mean age 
of 32.1 years. 
 
With reference to table 4.1, the sample size of 100 participants, 50% were female and 
50% were males. Each group consisted of fifty participants, group A consisted of thirty 
females (60%) and twenty males (40%). Group B consisted of twenty females (40%) and 
thirty males (60%). Therefore within the research study fifty participants were female 
(50%) and 50 participants were male (50%).   
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5.3 Subjective Data 
 
Subjective data was recorded using the Owen Mumford Neuropen and disposable 
Neurotips. Group A only had history taken, physical assessment and a cervical spine 
regional done. Data was recorded over the three time intervals at all four points. Group B 
had history taken, physical assessment and a cervical spine regional with the addition of  
spinal manipulation to the respective cervical spine level motion restriction.  
 
5.3.1 Cervical spine region  
 
The Friedman test was utilised to determine intragroup changes over time. A statistically 
significant difference was identified for both the intervention group as well as the control 
group (p ≤ 0.05). The Wilcoxon Signed Ranks test was then used to determine between 
which times the difference had occurred.   
 
Depicted changes in sharpness rating to pinprick stimuli applied to the respective cervical 
spine level were analysed. There were statistically significant decreases of sharpness 
sensitivity at the left and right region over time and this was noted within both groups, as 
shown in figure 4.1 and figure 4.2. 
 
The control group median values recorded for the initial readings were indicated as 4 on 
the sharpness scale, for both the left and right cervical regions tested. Small changes 
were noted for the control group for the last readings taken on the right and left regions. 
The median value decreased to a value of 3 on the sharpness scale. Statistical 
significance was not noted between the second reading and last reading on the right side, 
indicating no significant difference between these two readings. Yet a statistical difference 
was noted between all other respective time intervals (p-value ≤ 0.017), for right and left 
cervical regions.  
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The intervention group median values at the initial readings were 4 on the sharpness 
scale, for both the right and left cervical regions. Changes were noted at the last reading 
(10-minutes post-intervention), with a median value of 2 on the sharpness scale, 
bilaterally. Statistically significant changes were noted between initial, second and last 
readings with p-value as 0.000 (p ≤ 0.017) with the biggest change occurring 10-minutes 
after intervention.  
 
Comparison between readings taken over time for percentage change at the right cervical 
region was done. The intervention group mean values had a bigger change than the 
control group A as shown in figure 4.1. The control group had a decreased sharpness 
from the initial reading to second reading by 8.5%. The intervention group had a 12.2% 
decrease in sharpness between the two readings. The control group sharpness rating 
only decreased by 4.3% to the last reading and did not have statistical significance as the 
p-value was 0.033 (p-value > 0.017), whereas the intervention group decreased by a 
significant 49% between the two time frames. The comparison between the initial and 
final readings revealed that group A had a decreased sharpness by a total of 12%, 
whereas the intervention group had a decreased sharpness by a total of 55%. All other 
respective readings had statistically significant decreases at each time interval (p-value 
< 0.017). 
 
Comparisons between readings taken over time for percentage change at the left cervical 
region were done. The intervention group mean values had a bigger change than the 
control group A, as shown in figure 4.2. The control group had a decreased sharpness of 
12% from the initial reading to the second reading. The intervention group had a 21% 
decrease in sharpness between the two readings. The control group sharpness rating 
only decreased by 5.8% to the last reading whereas the intervention group decreased by 
a significant 45% between these two readings. The comparison between the initial and 
final readings revealed that group A had a decreased sharpness by a total of 17%, 
whereas the intervention group had a decreased sharpness by a total of 57%. All readings 
had statistically significant decreases at each time interval (p-value < 0.017).  
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Therefore, it should be noted that the greatest change in PPS ratings occurred for the 
intervention group, on the left and right cervical regions, 10-minutes after intervention was 
applied with little change occurring over time for readings for the control group.  
 
The Mann-Whitney test had been conducted for overall statistical analysis of data for 
intergroup differences. As demonstrated in table 4.2, the cervical spine region pinprick 
sensitivity ratings had statistically significant differences. These differences were noted 
between the groups at the right cervical region at the last reading with a p-value of 0.000 
(p-value < 0.017), with a large effect size. Statistically significant differences were also 
noted at the left cervical region for the last reading with a p-value of 0.000 (p-value < 
0.017), with a large effect size.  
 
It can therefore be deduced from the results that pinprick sensitivity decreased over the 
10-minute time frame, with the intervention group responding with a greater decrease in 
sharpness sensitivity at the global cervical region 10-minutes after spinal manipulation 
was applied.  
 
5.3.2 Medial calf region 
 
Depicted changes in sharpness rating to pinprick stimuli applied to the medial head of the 
gastrocnemius muscle (medial calf region) were analysed. There were statistically 
significant decreases of sharpness sensitivity at the left and right regions over time and 
this was noted within both groups, as shown in figure 4.3 and figure 4.4. 
 
The control group median values recorded for the initial readings were indicated as 3 on 
the sharpness scale, for both the left and right cervical regions tested. Small changes 
were noted for the control group for the last readings taken on the right and left regions. 
The median value decreased to a value of 2 on the sharpness scale. Statistical 
significance was noted between time intervals (p-value ≤ 0.017) for right and left calf 
regions, therefore noting little to no change occurring over time for the control group. The 
intervention group median values for the initial readings taken at the calf were 3 on the 
sharpness scale for the right and 4 on the sharpness scale for the left.  
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Changes were noted at the last reading (10-minutes post-intervention), with a median 
value of 1 on the sharpness scale on the right calf and 2 on the sharpness scale on the 
left calf. Statistically significant changes were noted between initial, second and last 
readings with a synonymous p-value of 0.000 (p ≤ 0.017). It was noted that the biggest 
change occurred 10-minutes after intervention had been applied.  
 
Comparison between readings taken over time for percentage change at the right calf 
region was done. The intervention group mean values have a bigger change than the 
control group A as shown in figure 4.3. The control group had a 15% decrease in 
sharpness between the initial and the second reading. The intervention group had a 
19.8% decrease in sharpness between the two readings. The control group sharpness 
rating only decreased by 5.8% between the second and last reading whereas the 
intervention group decreased by a significant 41% between the two time frames. The 
comparison between the initial and final readings revealed that group A had a decreased 
sharpness by a total of 17%, whereas the intervention group had a decreased sharpness 
by a total of 52%. All respective readings had statistically significant decreases at each 
time interval (p-value < 0.017). 
 
Comparison between readings taken over time for percentage change at the left calf 
region was done. The intervention group mean values had a bigger change than the 
control group A, as shown in figure 4.4. The control group had a decrease in sharpness 
from the initial reading to the second reading by 14%. The intervention group had a 19.9% 
decrease in sharpness between the two readings. The control group sharpness rating 
decreased by 19% between the second and last reading whereas the intervention group 
decreased by a significant 33.5% between these two readings. The comparison between 
the initial and final readings revealed that group A had a decreased sharpness by a total 
of 30.6%, whereas the intervention group had a decreased sharpness by a total of 46.7%.  
 
All readings had statistically significant decreases at each time interval (p-value < 0.017). 
Therefore, it should be noted that the greatest change in PPS ratings occurred for the 
intervention group, on the left and right calf regions, immediately after intervention was 
applied. The control group change occurred mainly at the left calf region between the 
second and last readings.  
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The Mann-Whitney test was conducted for overall statistical analysis of data for intergroup 
differences. As demonstrated in table 4.3, the medial calf region pinprick sensitivity 
ratings between groups had statistically significant differences. These differences were 
noted between the groups at the initial reading on the left and right calf with a p-value of 
0.000 (p-value < 0.017). The right calf comparison at 0-minutes had a small to medium 
effect size and the left calf comparison at 0-minutes had a medium effect size.  
 
It can therefore be deduced from the results that pinprick sensitivity decreased over the 
10-minute time frame with statistical significance for both groups (p-value < 0.017). 
 
5.4 Objective data 
 
Objective data was recorded using the Wagner Pressure Algometer. Group A only had 
history taken, physical assessment and cervical spine regional done. Data was recorded 
over the three time intervals at all four points. Group B had history taken, physical 
assessment and cervical spine regional done with the addition of the spinal manipulation 
to the respective cervical spine level motion restriction.  
 
Objective data was collected after pinprick sensitivity in a synonymous order as the 
subjective data. 
 
5.4.1 Cervical spine region 
 
The Friedman test was utilised for objective data analysis to determine intragroup 
changes over time. A statistically significant difference was identified for both the 
intervention group as well as the control group (p ≤ 0.05).  
 
Subsequently, the Wilcoxon Signed Ranks test was used to determine between which 
time intervals the difference had occurred.   
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Depicted changes in pressure pain threshold by the application of blunt mechanical 
stimuli applied to the respective cervical spine level were analysed. Statistically significant 
increases were noted at the left and right region over time and this was noted within both 
groups, as shown in figure 4.5 and figure 4.6. 
 
The control group median value recorded for the initial reading was indicated as 2.45 
kilograms of force applied (kg/f) for the right cervical region tested and 2.4kg/f for the left 
cervical region tested. Small changes were noted for the control group over time. The 
median value for the last reading increased to a value of 2.6kg/f on the right and 2.5kg/f 
on the left. A statistically significant difference was noted between all respective time 
intervals (p-value ≤ 0.017) for the right and left cervical regions.  
 
The intervention group median values at the initial reading for the right and left cervical 
regions was 2.8kg/f. Significant changes were noted over time for both left and right 
regions. The last reading (10-minutes post-intervention) median value for the right region 
was 3.65kg/f and for the left region was 3.55kg/f. Statistically significant changes were 
noted between initial, second and last readings with p-value as 0.000 (p ≤ 0.017).  
 
Comparison between readings taken over time for percentage change at the right cervical 
region was done.  
 
The intervention group mean values have a bigger increase in pressure pain threshold 
than the control group A as visible in figure 4.5. The control group had an increased 
threshold of 2.8% from the initial reading to second reading. The intervention group had 
a 31.5% increase in threshold between the two readings. The control group only had a 
1.5% increase in threshold between the second and last interval. The intervention group 
increase was also marginal with an increase of 5.3% between the two time frames. The 
comparison between the initial and final readings revealed that group A had an increased 
pressure pain threshold by a total of 4.4% whereas the intervention group had an 
increased pressure pain threshold by a total of 38%. All other respective readings had 
statistically significant increases at each time interval (p-value < 0.017). 
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Comparison between readings taken over time for percentage change at the left cervical 
region were calculated using mean value differences (discussed in chapter four). The 
intervention group mean values have a bigger difference between time intervals than the 
control group A, as shown in figure 4.6. The control group had a surprising 1.8% decrease 
in pressure pain threshold from the initial reading to the second reading whereas the 
intervention group had a significant 27% increase in pressure pain threshold between the 
two readings. The control group then increased by 2.7% between the second and the last 
reading. The intervention group increased by a marginal 5.9% between these two 
readings. The comparison between the initial and final readings revealed that group A 
had an increased pressure pain threshold by a total of 0.8% whereas the intervention 
group had an increased pressure pain threshold by a total of 34%. All readings had 
statistically significant changes that occurred between each time interval analysed (p-
value < 0.017).  
 
Therefore, it should be noted that the greatest change in PPT readings occurred for the 
intervention group, on the left and right cervical regions, 10-minutes after intervention was 
applied with little change  occurring immediately after intervention application. It is also 
noted that little change occurred over time for readings for the control group. As no 
intervention was applied, it is suspected that tissue distortion from the device tip  
stimulated local receptors in the tissue layers that created a mild increase in PPT in the 
area.  
 
The Mann-Whitney test was conducted for overall statistical analysis of data for intergroup 
differences. As indicated in table 4.4, the cervical spine region comparative testing for 
pressure pain threshold had statistically significant differences between the groups.  
 
These differences between groups were noted at several intervals. The right and left 
cervical region comparison of data from the second reading was statistically significant 
with a p-value of 0.000 (p-value < 0.017) for both the left and right regions. There was a 
large effect size noted for the left and right side, indicating clinical significance of data 
collected for pressure pain threshold and potential effect of the intervention. Statistically 
significant differences were also noted at left and right cervical regions for the last reading 
with a p-value of 0.000 (p-value < 0.017), with a large effect size.  
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It can therefore be deduced from the results that pressure pain threshold increased over 
the 10-minute time frame. The control group had very marginal changes and though 
statistically significant, the data is not clinically significant outside of comparative data for 
the intervention group. The intervention group responded with a greater increase in 
pressure pain threshold at the cervical region, specifically noted at the last reading, 10-
minutes post-intervention application.  
 
5.4.2 Calf region 
 
The Friedman test was also utilised for objective data analysis to determine intragroup 
changes over time. A statistically significant difference was identified for both the 
intervention group as well as the control group (p ≤ 0.05).  
 
Subsequently, the Wilcoxon Signed Ranks test was used to determine between which 
time intervals the difference occurred.   
 
Depicted changes in pressure pain threshold by the application of blunt mechanical 
stimuli applied to the medial calf region were analysed. There were statistically significant 
increases noted at the left and right region over time and this was noted within both 
groups, as shown in figure 4.7 and figure 4.8. 
 
The control group median values recorded for the initial readings were indicated as 
3.45kg/f for the right and left calf regions tested. Small changes were noted for the control 
group over time. The median value for the last reading increased to a value of 3.55kg/f 
on the right and 3.6kg/f on the left. A statistically significant difference was noted between 
all respective time intervals (p-value ≤ 0.017) for the right and left calf regions.  
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The intervention group median value at the initial reading for the left calf region was 
3.15kg/f. Significant changes were noted over time for the both left and right regions. The 
last reading (10-minutes post-intervention) median value for the right and left regions was 
4.2kg/f. Statistically significant changes were noted between initial, second and last 
readings with p-value as 0.000 (p ≤ 0.017).  
 
Comparisons between readings taken over time for percentage change at the right calf 
region were done. The intervention group mean values have a bigger increase in pressure 
pain threshold than the control group A as visible in figure 4.7. The control group had an 
increased threshold of 1.2% from the initial to the second reading. The intervention group 
had a 21% increase in threshold between the two readings. The control group only had a 
2.6% increase in threshold between the second and last interval, yet the intervention 
group increase was also marginal with an increase of 3.9% between the two time frames. 
The comparison between the initial and final readings revealed that group A had an 
increased pressure pain threshold by a total of 3.8% whereas the intervention group had 
an increased pressure pain threshold by a total of 46.7%. All respective readings had 
statistically significant increases at each time interval (p-value < 0.017). 
 
Comparisons between readings were taken over time for percentage change at the left 
calf region. The intervention group mean values have a bigger difference between time 
intervals than the control group A, as shown in figure 4.8. The control group had a 2.9% 
increase in pressure pain threshold from the initial reading to the second reading whereas 
the intervention group had a significant 22.7% increase in pressure pain threshold 
between the two readings. The control group then increased by 1.4% between the second 
and the last reading. The intervention group increased by a marginal 3.7% between these 
two readings. The comparison between the initial and final readings revealed that group 
A had an increased pressure pain threshold by a total of 3.7% whereas the intervention 
group had an increased pressure pain threshold by a total of 27.5%.  
 
It should therefore be noted that the greatest change in PPT readings occurred for the 
intervention group, on the left and right calf regions, 10-minutes after intervention was 
applied with little change that occurred immediately after intervention application. 
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It is also noted that little change occurred over time for readings for the control group. All 
readings had statistically significant changes that occurred between each time interval 
analysed (p-value < 0.017). 
 
The Mann-Whitney test was conducted for overall statistical analysis of data for intergroup 
differences. As indicated in table 4.5, the calf region comparative testing for pressure pain 
threshold had statistically significant differences between groups.  
 
These differences between groups were noted at several intervals. The second reading 
on the right and left calf regions had statistically significant differences noted between the 
groups. The right calf had a p-value of 0.002 (p-value < 0.017), with a medium effect size 
and the left calf region had a p-value of 0.000 (p-value < 0.017), also concluded with a 
medium effect size. Statistically significant differences were also noted for the last 
readings for both the right and left calf regions with p-value as 0.000 (p-value < 0.017). 
Both comparisons at the last reading (10-minutes) had a medium to large effect size.  
 
It can therefore be deduced from the results that the increased pressure pain threshold 
occurred over the 10-minute time frame. Noted small changes occurred over the time 
intervals for the control group, yet these were not clinically significant changes.  
 
The intervention group responded with a greater increase in pressure pain threshold at 
the calf regions 10-minutes after spinal manipulation was applied, indicating clinical 
significance of the data collected.  
 
5.5 Objective outcomes 
 
According to all data discussed and changes noted for both pinprick sensitivity and 
pressure pain threshold, it can be deduced that chiropractic spinal manipulation does 
influence the pain sensitivity elicited by the algometer and the Neuropen. In this deduction 
SMT decreased pain sensitivity for superficial, sharp pain and deep mechanical pain with 
immediate hypoalgesic effects, locally and remotely.  
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A study done by Pickar (2002) that was published in The Spine Journal, suggested that 
spinal manipulation would influence nociceptive input on a neurochemical and 
mechanical level. He stated that spinal manipulation generates a higher amplitude of 
mechanical force than the mechanical threshold of free nerve endings therefore the 
afferent input to the spinal cord and dorsal horn would be affected.   
 
Chiropractic spinal manipulation has a clear clinical effect as proven by patient outcomes 
and responses to chiropractic care for various neuro-musculoskeletal conditions (Brea-
Rivero et al., 2018; Dorron et al., 2016). But as previously stated, the neurophysiological 
components affected by this manual therapy are still not fully understood but central and 
peripheral nervous system effects have been suggested (Brea-Rivero et al., 2018). This 
research study further investigated these potential nervous system effects by assessing 
local and remote effects of SMT on two types of mechanical stimuli.  
 
In The Journal of Pain, Bialosky et al. (2014) propose that spinal manipulative therapy 
has a central nervous system effect caused by manipulation altering the afferent input of 
neurons carrying pain signals. Bialosky et al. (2018) later support their earlier research 
article, summating that the effect on the nervous system is central thus influencing all 
modulatory systems.  
 
The use of experimental pain for research studies had been widely explored with varying 
results. These studies included cervical, thoracic, lumbar and sacral manipulative 
interventions. For the purpose of this study, focus was given to the cervical spine region 
manipulation, which consisted of eleven studies researching experimental pain, six of 
which focused on mid or lower cervical manipulation (Coronado et al., 2012). The studies 
that were reviewed had varying sensory modalities that elicited  experimental pain, 
ranging from mechanical (Brea-Rivero et al., 2018), thermal (Bialosky et al., 2009), 
chemical and electrical (Terrett and Vernon, 1984).   
 
As stated in the systematic review done by Coronado et al. (2012) the paucity of research 
studies using diverse experimental sensory modalities is evident.  
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Most studies carried out on the effects of spinal manipulation also had limitations to the 
studies which affected the reliability and validity of data captured and analysed, such as 
the lack of a  comparison group, the use of a single device or effects assessed on a single 
application site on participants.  
 
With reference to data analysed in this research study, it should be noted that to eliminate 
the aforementioned limitations, this research study consisted of two devices that elicited 
a response from different components of the nervous system: pinprick sensitivity 
stimulating superficial A-delta nociceptive fibres and pressure pain threshold stimulating 
both A-delta and deep C nociceptive fibres. These two devices were also assessed at 
multiple locations on each participant; local to the area where spinal manipulation was 
applied, as well as remotely at bilateral regions on the lower limbs. The remote sites 
specifically were of value as these readings assisted in determining if the manipulation 
had central modulation effects.  
 
This study was adapted from a previous study carried out by Dorron et al. (2016) that 
assessed the effects of lumbar spinal manipulation at multiple regions of the body for both 
pinprick sensitivity and pressure pain threshold.  
 
Pinprick sensitivity has not been a widely used device, especially with reference to 
manual therapy research. Dorron et al. (2016) tested this device with relation to the 
lumbar spinal manipulation and its effects on pinprick sensitivity and pressure pain 
threshold, locally and remotely. Study outcomes for the lumbar spinal manipulation 
revealed a decrease in sharpness rating and pain sensitivity to pinprick stimulation, with 
systemic responses. This coincides with the outcomes of this research study. It was noted 
that statistically significant differences occurred for both groups, but a greater effect on 
pain sensitivity was noted after spinal manipulation had been applied to the intervention 
group, with the highest decrease occurring 10-minutes after the intervention had been 
applied. These results were identified at local and remote regions tested for group B. A 
possible reason for the result outcomes of systemic decrease in sharpness rating and 
pain sensitivity is the central influences activating modulatory mechanisms, previously 
mentioned in the literature review, as a result of the spinal manipulation influencing the 
central nervous system, either directly or indirectly.  
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Multiple research studies and systematic reviews focused on pressure pain threshold as 
the only experimental sensory modality tested (Amorim et al., 2012; Brea-Rivero et al., 
2018; Dorron et al., 2016; Gagey et al., 2018). The consensus of results concluded the 
same findings as this research study. 
 
Pressure pain threshold has been a more commonly utilised device to assess effects of 
spinal manipulation on experimental pain as identified in Coronado et al.’s (2012) 
systematic review and meta-analysis.  It was evident that after a comprehensive review 
of cervical spinal manipulation and potential effects on the pressure pain threshold, that 
previous research studies had synonymous outcomes of an effect increase in the 
pressure pain threshold following a spinal manipulation (Brea-Rivero et al., 2018; Dorron 
et al., 2012; Pickar, 2002).  
 
It should be noted that for this research study there were significant increases in pressure 
pain threshold at all regions tested, with group B having a greater increase over time than 
group A. Statistically significant differences were noted within group B for both post-
intervention readings and intergroup comparative analysis, with medium to large effect 
sizes between groups, locally and remotely. These outcomes for PPT demonstrate and 
further support the probability of central nervous system involvement and the influence of 
spinal manipulation on pain modulatory mechanisms and higher centres as earlier 
mentioned in the literature review.  
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CHAPTER SIX 
 
CONCLUSION AND RECOMMENDATIONS 
 
6.1 Conclusion 
 
The aim of this study was to analyse the effects of cervical spine manipulation on 
experimental mechanical pain assessing for local and remote responses. Pinprick 
sensitivity and pressure pain threshold were used as sensory modalities with readings 
taken before and after left- or right-sided chiropractic manipulation was applied. 
 
This research study showed that spinal manipulative therapy applied to the lower cervical 
spine did influence pain sensitivity, with local and remote responses. As a result of this 
research study, the neurological effects of manipulative therapy targeted at the cervical 
spine in the presence of two different forms of painful mechanical stimuli were identified, 
with statistically significant changes that had occurred. The intervention group 
demonstrated clinical changes to both pinprick sensitivity and pressure pain threshold, 
with statistical significance identified at these respective changes. The control group had 
minor changes of pinprick sensitivity readings as well as pressure pain threshold 
readings, although unlikely to be clinically significant the readings were statistically 
significant. The changes of the control group may have been caused by tissue 
sensitisation due to mechanical stimulation of receptors at the location being tested 
(Drummond and Vo, 2013; Gagey et al., 2018; Garland et al., 2012). 
 
The statistically significant and clinical changes that were identified indicate the potential 
underlying mechanism involved in manipulative therapy and the role it plays in facilitating 
nervous system physiology. As effects of the manipulation were assessed in the 
intervention group at local and remote regions, this study shows the neurophysiological 
influence of cervical spinal manipulation on experimental mechanical pain.  
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These effects may have occurred at the level of the peripheral receptors in the skin, the 
neurons carrying the electrical signal, the spinal cord, ascending sensory pathways or at 
higher centres. Nevertheless, this study has further highlighted and supported the 
proposed effect of cervical manipulation on central modulatory mechanisms. 
 
6.2 Recommendations 
 
Further research studies on the neurophysiological effects of spinal manipulation are 
recommended to add to the finding of this research study as well as enforce the findings 
collected throughout the research period. 
The following recommendations are suggested: 
• Repeat study protocols with multiple experimental stimuli 
• Multiregional stimuli application, alternative to ones assessed in this study 
• Conduct a similar study but on participants that are clinically symptomatic, as these 
participants would have altered pain profiles 
• Gender specific study  
• Narrowing of age inclusion to limit potential degenerative changes that may be present 
in the older demographic 
• Assess the long-term effects of spinal manipulation on central nervous system 
modulatory mechanisms  
• Application of spinal manipulation on the same experimental stimuli yet alter the region 
the intervention is applied  
• A study assessing experimental pain responses but investigating ipsilateral and 
contralateral effects or responses, in relation to the side manipulation is applied. 
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RESEARCH STUDY 
DEPARTMENT OF CHIROPRACTIC 
 Participants needed for research study: 
“The Effects of Cervical Spine Manipulation on Pressure Pain 
Threshold and Pinprick Sensitivity” 
 
Description of project: This research aims to assess whether a chiropractic 
manipulation has an effect on two different stimuli, pressure pain threshold and 
pinprick sensitivity, in individuals with decreased motion in the neck. 
This study will take place November 2018-December 2018, at the University Chiropractic Day 
Clinic, and will require a once-off treatment. 
Ethics number: REC-01-186-2018 
To participate you must be between the ages of 18-65 years. 
To learn more, contact the principle investigator, Kerry Murtagh: 
Chiro.Research.15@gmail.com 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
 
Date: March – April 2019 
 
Good Day 
 
My name is Kerry Lynn Murtagh I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research study on 
The Effects of Cervical Spine Manipulation on Pressure Pain Threshold and Pinprick Sensitivity. 
 
Before you decide on whether to participate, I would like to explain to you why the research is being 
done and what it will involve for you. I will go through the information letter with you and answer any 
questions you have. The total study should take 20-40 minutes. The study is part of a research project 
being completed as a requirement for a Master’s Degree in Chiropractic through the University of 
Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to assess the immediate neurophysiological effects of a cervical 
manipulation on two different stimuli, locally and remotely, using pressure pain threshold and pinprick 
sensitivity. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in understanding the 
relevant details of participation in this research study. Please read through these. If you have any further 
questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in the study. I 
will describe the study and go through this information sheet. If you agree to take part, I will then ask 
you to sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? This research study will take 
up half an hour of your time, with only a once-off visit needed. You will be assessed during the 
consultation period, to ensure inclusion and exclusion criteria are met and further divided into a control 
and intervention group. You will then have two points marked, on the neck and on the calf, using non-
permanent marker on the side of the restriction. Three readings will be taken using a Neuropen and an 
algometer (which will be simulated to show stimulus sensation, prior to readings). Neither of these 
instruments are invasive nor pose any threat or harm, these readings will be recorded on a data 
spreadsheet. You will then receive chiropractic treatment or be treated as part of the control, in which 
you can choose to receive treatment after readings. Pain sensitivity readings will then be taken at 
intervals: immediately after treatment, and at 10 minutes. Each reading after treatment will be done at 
both points, by each device only once. 
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WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, you are 
free to withdraw your consent at any time without giving a reason and without any consequences. If you 
wish to withdraw your consent, you should inform me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE TO ME: Your 
involvement is not financially incurred, but you will receive treatment with no payment owed.  
 
RISKS INVOLVED IN PARTICIPATION: There is a possible risk of the manipulation creating adverse 
effects, these included: light-headedness or dizziness, tenderness of the treated area as well as of 
tissues associated with the area being treated. These symptoms will only be temporary, and should they 
occur will subside after 24hrs. 
 
BENEFITS INVOLVED IN PARTICIPATION: chiropractic treatment is very beneficial for the treatment of 
neck conditions, but in the absence of symptoms a chiropractic adjustment to a restricted level will 
further improve neck mobility, relieve and facilitate associated muscles (decrease muscle 
tension/spasms, increase muscle strength), as well as improve overall body to function to facilitate 
performance at a higher level. 
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on data collection sheets 
will be removed once analysis starts. All data and back-ups thereof will be kept in password protected 
folders and/or locked away as applicable. Only I or my research supervisor will be authorised to use 
and/or access your anonymised information in connection with this research study. Any other person 
wishing to work with your anonymised information as part of the research process (e.g. an independent 
data coder) will be required to sign a confidentiality agreement before being allowed to do so. 
 
 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written into a 
research report that will be assessed. In some cases, results may also be published in a scientific journal. 
In either case, you will not be identifiable in any documents, reports or publications. You will be given 
access to the study results if you would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, under the 
guidance of my research supervisor, whom is a qualified Chiropractor and permanent staff at the 
Department of Chiropractic at the University of Johannesburg. This study has received funding from the 
Supervisor-Linked Bursary supplied by the University of Johannesburg. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to start, it was 
reviewed in order to protect your interests. This review was done first by the Department of 
Chiropractic, and then by the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research study, its 
procedures or risks and benefits, you should ask me. You should contact me at any time if you feel you 
have any concerns about being a part of this study. Any potential adverse effects or complications that 
arise can also be communicated with the researcher and will be seen to and treated immediately. My 
contact details are:  
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Kerry Murtagh 
082 568 4155 
kmurtagh15@gmail.com or chiro.research15@gmail.com 
 
You may also contact my research supervisor: 
Dr Irmarie Landman 
dirkiel@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study have not been 
dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific information 
about this research project information, have any questions, concerns or complaints about this research 
study, its procedures, risks and benefits, you should communicate with me using any of the contact 
details given above. 
 
 
Researcher: 
 
Kerry Murtagh 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
THE EFFECTS OF CERVICAL MANIPULATION ON PRESSURE PAIN THRESHOLD AND 
PINPRICK SENSITIVITY 
 
Please initial each box below: 
 
 
 
         I confirm that I have read and understand the information letter dated October – 
December 2018 for the above study. I have had the opportunity to consider the information, ask 
questions and have had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw from 
this study at any time without giving any reason and without any consequences to me. 
 
 
      I agree to take part in the above study. 
 
 
 
 
______________________      _________________________   ________________ 
Name of Participant         Signature of Participant      Date 
 
 
 
 
____________________     ______________________  ________________ 
Name of Researcher       Signature of Researcher    Date 
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Appendix D 
 
 
CONTRA-INDICATIONS TO CERVICAL SPINE MANIPULATION 
 
1. Vascular complications 
• Vertebral artery pathology 
• Aneurysm 
• Long standing atherosclerosis 
• Hypertensive emergency 
 
2. Tumours 
• Primary osseous tumour/s 
• Secondary (metastases) 
 
3. Bone infections  
• Osteomyelitis of the spine 
• Tuberculosis of the spine 
 
4. Arthritis  
• Rheumatoid arthritis (instability of Atlanto-axial joint) 
• Inflammatory phase of polyarthopathy 
  
5. Traumatic injuries 
• Fractures and dislocations 
• Tissue derangement or displacement (ligamentous rupture) 
• Nerve or spinal cord lesions (upper/lower motor neuron lesions) 
• Spondylolysis and spondylolisthesis  
 
6. Neurological complications 
• Myelopathy  
• Radiculopathy  
• Spina bifida  
• Stenosis (nerve root compression) 
 
7. Congenital abnormalities 
• Osseous (posterior ponticle, Os Odontoideum, cervical ribs) 
• Connective tissue (Ehlers Danlos) 
• Down Syndrome 
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8. Degenerative complications 
• Disc herniation or protrusion (degenerative disc disease) 
• Osteoporosis  
• Ligamentous laxity 
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Date: ________________________________ 
Patient: 
Occupation: 
Student: 
________________________________ 
________________________________ 
________________________________ 
File No:    __________________________________ 
Age: __________ Sex: ________ 
Signature:  __________________________________ 
FOR CLINICIAN USE ONLY: 
Initial visit clinician: ________________________________ Signature:  __________________________________: 
Case History: _______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
Examination: 
Previous: 
Previous: 
Previous: 
PTT: 
UJ 
Other 
Current: 
Current: 
Current: 
UJ 
Other 
X-ray Studies: 
Clinical Path. Lab: 
UJ 
Other 
UJ 
Other 
UJ 
Other 
UJ 
Other 
Case status: 
Conditional: Signed off: Final sign out: 
Recommendations: 
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9. REVIEW OF SYSTEMS 
General 
Skin 
Head 
Eyes 
Ears 
Noses / Sinuses 
Mouth / Throat 
Neck 
Breasts 
Respiratory 
Cardiac 
Gastrointestinal 
Urinary 
Genital/Sexual Function 
Vascular 
Musculoskeletal 
Neurological 
Hematological 
Endocrine 
Psychiatric 
Other 
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UNIVERSITY OF JOHANNESBURG  
CHIROPRACTIC DAY CLINIC  
PHYSICAL EXAMINATION  
Underline abnormal findings in  RED Date: __________________________________ 
Patient: ________________________________ File No:    __________________________________ 
Clinician  : 
Student: 
________________________________ Signature: __________________________________ 
Signature: __________________________________ ________________________________ 
__________________________________________________________________________________________________________________ 
VITAL SIGNS 
Height 
STANDING EXAMINATION 
Minor’s Sign 
Skin Changes 
Posture Weight 
 
 
Erect 
Temperature 
Heart Rate 
Pulse 
Adams 
Romberg’s Sign 
Pronator Drift 
Trendelenburg Sign 
Gait 
 
 
 
 
 
 
Rhythm 
Respiratory Rate Balance 
Pendulousness 
On toes 
BLOOD PRESSURE On heels 
Tandem 
Left Right Half Squat 
Scapular Winging 
Muscle Tone Arms 
Legs 
Spasticity / Rigidity 
Chest measurement 
 
 
Inspiration 
Expiration 
_________________ cm 
_________________ cm 
Visual Acuity General Appearance 
Lumbar Spine ROM 
 
 
 
 
Flexion (90º) __________________________________________ 
__________________________________________ 
__________________________________________ 
Extension (50º) 
Lat. Flexion (30º) 
Rotation (35º) 
1 
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UNIVERSITY OF JOHANNESBURG  
CHIROPRACTIC DAY CLINIC  
REGIONAL EXAMINATION  
CERVICAL SPINE  
Date: ___________________________ 
Patient: 
Clinician: 
Student: 
___________________________ 
___________________________ 
___________________________ 
File No:  _____________________________ 
Signature:  ___________________________ 
Signature:  ___________________________ 
OBSERVATION MYOFASCIAL – ACTIVE TRIGGER POINTS 
Posture Left Right 
Size SCM 
Swellings 
Scars 
Discolourations 
Hairline 
Trapezius 
Scalene Anterior 
Scalene Posterior 
Scalene Medius 
Levator Scapula 
Posterior Cervicals 
Rhomboids 
Sub Occipitals 
Masseter 
Temporalis 
Bony Contours 
Soft Tissue Contours 
Shoulder Level 
Muscle Spasm 
Facial Expression 
Antalgic List 
Torticollis 
Plumb lines 
 
 
Frontal plane 
Sagittal Plane 
RANGE OF MOTION 
PALPATION 
Lymph Nodes 
Trachea 
Thyroid Gland 
Pulses 
 
 
 
 
Carotid 
Subclavian 
Brachial 
Radial 
Tenderness 
Muscle Tone 
1 
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Salehi, A. (2019). Body Outline, Printable Template. Word Press. 
http://bodegabistro.co/goto/. (Accessed 20 August 2018). 
 
 Red crosses  
Cervical region tested over paraspinal muscles, subject to change depending on 
level of restriction identified on motion palpation. 
 Green crosses  
Medial calf region tested over medial head of gastrocnemius muscle. 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY PPS - DATA COLLECTION 
Date: March-April 2019 
 
I,        (participant name), who is involved in a research study on The Effects of Cervical 
Spine Manipulation on Pressure Pain Threshold and Pinprick Sensitivity, have voluntarily chosen to 
undergo testing with the Owen Mumford Neuropen and Neurotip. I am aware that this device may 
cause a very brief mild sharp sensation when applied. I have been informed of how the device works, 
and that it will not cause me any harm when used. I have been assured that my comfort and hygiene is 
of most importance, with the researcher replacing the Neurotip with a new, sterilized tip for each 
participant. 
0: Not sharp 
10: Severely/extremely sharp 
 
First reading: Indicate on the line, when researcher instructs, to mark the severity of sharpness of the 
tip. 
Right 
cervical 
 
Left 
cervical 
 
 
 
Right 
medial 
calf 
 
Left 
medial 
calf 
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Second reading: Indicate on the line, when researcher instructs, to mark the severity of sharpness of the tip. 
Right 
cervical 
 
Left 
cervical 
 
Right 
medial 
calf 
 
Left 
medial 
calf 
 
Last reading: Indicate on the line, when researcher instructs, to mark the severity of sharpness of the tip. 
Right 
cervical 
 
Left 
cervical 
 
 
 
Right 
medial 
calf 
 
Left 
medial 
calf 
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